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for review and publication. 

Each manuscript submitted to the editorial committee is registered and reviewed by at least two peer reviewers. Manuscripts that need 
improvement as suggested by reviewers and editorial committee will be returned to corresponding author for correction and 
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Authors are encouraged to have colleagues review a manuscript before submitting it for publication. Additional authorities are consulted 
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• Soundness of conclusions and interpretations 

• Relevance of discussion 
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Format for Main Research Articles 

Title and Author: The title should be informative and unique started with key word but concise and clear and should reflect the content 
of the paper. It should be in title case. Abbreviated and shortcut word/s should not be used in the title. Below the title, name/s and the 
address/es of author/s should be given. Write the addresses of the authors at the time of the w r ork reported in the paper. Indicate current 
or postal addresses as a footnote on the first page of the paper, if the address is different from workplace. The initials of the middle 
names and full form of first and family name/s, full address of each author should be written and indicate the corresponding author using 
symbol *. Provide email address of corresponding author. 

ABSTRACT: Every manuscript (article) must have a short abstract (not more than 250 words), which should be complete itself but it 
should be concise and clear without any cited references. Abstract should highlight rationale, objectives, materials and methods, 
important results and conclusion written in a manner so that it is suitable for direct reproduction in some abstracting journals. Key words 
(not more than 5 words) should be written below the abstract in alphabetical order. Authors and subjects index are published at volume 
number that are divisible by 4. In addition to these, abstract should also be written in Nepalese language. 

INTRODUCTION: Should give appropriate background and explain the things that are proposed. It should include short introduction 
to justify the research and relevant reviews and state the objectives clearly. 

MATERIALS AND METHODS: Should include description of experimental materials, procedures and statistical design used as well 
as method/s to analyze the results. New methods should be described in detail and for methods developed by earlier researcher/s, only 
reference may be cited. However we prefer detail methodology. Report the location, geo-references (altitude, latitude and longitude, etc) 
and date of experiment conducted. Write scientific name with authority, common and local name of organism. If possible mention 
chromosome number of organism as 2n=2x=24 for Oryza sativa L. 

RESULTS: Results and discussion should be under different headings. Results should be presented in a concise manner avoiding data 
that are already given in Tables and Figures. 
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DISCUSSION: Discussion part should not repeat the results but should explain and interpret the data based on the published relevant 
studies. Insert graph/s and table/s wherever necessary and number them sequentially within each paper (article). The conclusion, 
recommendation and possible impact (if any) should be based on the supporting data. But there should not be a separate heading for 
conclusion and recommendation. 

Units of Measurement: All units and measures should be in the metric system or in the International System Units (SI) and should be 
abbreviated for technical values. Currency exchange rates should be in US $ along with the local currency for the appropriate date for 
any prices cited. 

Reporting Time and Dates: Use the 24-hr time system with four digits, the first two for hours and the last two for minutes (eg 1430 hr 
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ACKNOWLEDGMENTS: Acknowledge the person/s and/or institution/s or funding agencies, if necessary, who actually help to 
achieve the objectives of the research. 
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Journal 

Joshi BK, S Gyawali and DS Poudyal. 2002. Regression analyses and multiple comparison procedures: Uses and misuses. J. Institute 
Sci. Tech. 12:69-81. 


Book 

Cochran WG and GM Cox. 1968. Experimental Designs. 2 nd ed. John Wiley and Sons. Inc., New York. 

Lewis WH. ed. 1980. Polyploidy: Biological Relevance. Plenum Press, New York. 

Contribution to Book/Proceedings 

Yuan LP, ZY Yang and JB Yang. 1994. Hybrid rice in China. In: Hybrid Rice Technology: New Development and Future Prospects 
(SS Vinnani, cd). IRRI. the Philippines. Pp.143-147. 

Joshi BK. KP Shrestha, KD Joshi, A Mudwari, SP Khatiwada. P Chaudhary. RB Yadab, D Pandey. PR Tiwan. BK Bamya and BR 
Sthapit. 2003. Process documentation on deployment of rice and buckwheat diversity through participatory varietal selection for 
specific adaptation. In: On-farm Management of Agricultural Biodiversity in Nepal (B Sthapit. M Upadhyay, BK Baniya. A 
Subedi and BK Joshi. eds). Proc. National Workshop. 24-26 April 2001 Lumle-Nepal. NARC, LIBIRD and IPGRI. Pp. 229-232. 

Annual Report 

NWRP. 1980. Rice-wheat system: Opportunities and constraints. In: Annual Report-1980. National Wheat Research Program (NWRP) 
- Nepal Agricultural Research Council, Bhairahawa — Rupandchi - Nepal. Pp. 60-65. 

Genebank. 2013. Annual Report 2069/70 (201 1/12) (BK Joshi, KH Ghimire and D Singh, eds). National Agriculture Genetic Resources 
Center (Genebank). NARC, Khumaltar. 

Serials, Newsletter 

Joshi BK, MR Bhatta and KH Ghimire. 2013. Shali Dhan: Elite line of rice from Far West Nepal developed under the pre-breeding 
program in Genebank, Khumaltar. NARC Newsletter 20(4). 5 

Web material 

Pretty J. 2003. Genetic modification: Overview of benefits and risks. Accessed in 5 June 2005 from http://www2.essex.ac.uk/ces/. 

Thesis/Dissertation 

Joshi BK. 2000. Assessment of the potential of Nepalese rice cultivars and landraces for hybrid production. Master Thesis. Institute of 
Agriculture and Animal Science, Rampur - Nepal. 


viii 


Journal ofXepal Agricultural Research Council 
Vol 1:1-8. August 2015 


Evaluating sheath blight in rice by B. Chaudhary 


tillers allowing penetration of sunlight and good aeration. The flag leaves are straight up-right with length of more than 20 cm above 
panicles. These morphological characters allow less contact among tillers, thus negate disease spread. This is probably the reason that 
Sabitri and Tetep were extensively used as donor parents in breeding program considering plant morphology as a model in selecting the 
genotypes with similar plant stature for improving ShB resistance in rice. 


Table 3. Resistance in rice genotypes to sheath blight under field conditions in 201 1 wet season 


IRRI accession 

Genotype 

Disease incidence (%) 
14 DAI 21 DAI 

28 DAI + 

AUDPC : 

IRGC-32576 

TETEP 

0 

0 

13.33 G 

46.66 H 

IEGC-24154 

IR 26 

0 

0 

16.13 FG 

56.45 GH 

IR86174-17-15-1 1-23 

SHB- 134- 11-23 

0 

1.852 

19.16 FG 

80.04 F-H 

MTU-1010 

MTU-1010 

1.852 

1.515 

20.69 FG 

89.50 E-H 

IRGC-39723 

RNR 57979 

0.952 

5.119 

16.07 FG 

95.40 D-H 

IR86 174-1 7-5-1 8-45 

SHB- 129- 18-45 

1.667 

4.227 

17.72 FG 

97.46 D-H 

IRGC5565 

SABITRI 

1.389 

4.568 

17.56 FG 

98.31 D-H 

IRGC-39932 

SI 51 

2.279 

3.262 

21.98 E-G 

107.8 C-H 

IRGC- 19907 

IR 24 

0 

5.681 

20.39 FG 

111.1 C-H 

IR86 1 74- 17-15-1 1-44 

HSB-1 34-1 1-44 

0 

6.277 

20.07 FG 

1 14.2 C-H 

IR86 174-1 7-1 5-1 1-42 

SHB-1 34-1 1-42 

3.03 

8.73 

12.73 G 

116.3 C-H 

IRGC-77301 


2.646 

4.884 

22.66 E-G 

122.8 C-H 

RTP 11793 

RNP74229 

0.813 

6.389 

22.29 E-G 

125.6 C-H 

IRGC-38624 

BR 3 

2.464 

7.898 

21.48 E-G 

139.1 C-H 

IRGC-40020 

LANKANDA41 

3.171 

6.624 

24.89 C-G 

144.6 B-H 

IRGC-471 11 

RAJESHWARI 

0 

5.808 

33.09 B-G 

156.5 B-H 

IRGC- 117278 

SWARNA 

1.235 

10.345 

23.72 D-G 

159.7 B-H 

IRGC -5 9244 

TARA 

1.235 

11.765 

28.37 B-G 

186.0 B-H 

IRGC-53200 

MATAHAMBRE 

3.889 

13.041 

40.52 B-G 

246.7 B-H 

IRGC-6264 

N-22 

1.389 

16.186 

41.86 B-G 

264.7 B-G 

IRGC77471 

YUEFU 

5.635 

15.588 

40.92 B-G 

272.1 B-F 

IRGC 116438 

AZ(C) 

0 

16.667 

44.74 B-G 

273.3 B-F 

IRGC- 117398 

VANDANA 

2.564 

9.804 

63.09 A-D 

298.4 B-E 

IRGC-4819 

N-22 

4.312 

9.283 

63.72 A-C 

303.1 B-D 

IRGC-74540 

TOMOE MOCH 

3.935 

11.997 

61.11 A-E 

311.6 BC 

IRGC-19379 

N 22 

0 

16.987 

56.02 A-F 

315.0 BC 

IRGC-62172 

KAMMRA 

0 

4.762 

90.20 A 

349.0 AB 

IRGC82775 

IAC 165 

6.278 

36.84 

67.42 AB 

515.8 A 

LSD o.o 5 

— — ttt: : 


NS 

NS 

33.47 

172.3 


‘Values followed by different letters are significantly different at (P = 0.05) 

* Values followed by different letters within the column are significantly different at (P = 0.05) 
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ABSTRACT 

Knowledge on variation within traits and their genetics are prerequisites in crop improvement program. Thus, in present paper we aimed to 
estimate genetic and environmental indices of common wheat genotypes. For the purpose, eight quantitative traits were measured from 30 wheat 
genotypes, which were in randomized complete block design with 3 replicates. Components of variance and covariance were estimated along 
with heritability. genetic gain, realized heritability, coheritability and correlated response. Differences between phenotypic and genotypic 
variances in heading days, maturity days and plant height were not large. Grain yield and plant height showed the highest phenotypic (18.189%) 
and genotypic (12.06%) coefficient of variances, respectively. Phenotypic covariance was higher than genotypic and environmental covariance 
in most of the traits. The highest heritability and realized heritability'- were of heading days followed by maturity- days. Genetic gain for plant 
height was the highest. Co-heritability of 1000-grain weight with tillers number was the highest. The highest correlated response was expressed 
by grain yield with tillers number. This study indicates the possibility of improving wheat genotypes through selection utilizing existing 
variation in these traits. 

Key words: Covariance components, genetic parameters. Triticimi aestinnth variance components 


WTCT 

ei i efich i imfra fa*H* i <=nf*T ^iiuhh 7 tfr quig*ebi spjcft w btottht 1 =hMi^M ipnr* w fa tan bttc ^t 

20 efTT w.'tfr.fa-.fr ttI 7 genetic gain, heritability, coheritability, 

variance-covariance components srrfcFT Btui n <1 TifrircFT faiTT 1 srafa. hI*H 3T^fu 7 qiecr'i T^niPTT phenotypic /genotypic fafa'J^TT sF 

vrr^zfr 1 spfr phenotypic coefficient of variance (*!=; ^°o' ^T^ft TRTeFT ntani 7 genotypic coefficient of variance 

fa*=ll*i m$4i 1 srfarcFF TFTWW genotypic / environmental covariances phenotypic covariance r +n3[efT sfo'-u 1 7 

BFtftr ■stftt q«its**i heritability 7 realized heritability mwi 1 srar wfr smpffro aMrifer =n4i*i ftnff 1 ^t 7 51 - 11*1 ’tW, 

tiller ’Ho^l *iWi coheritability , »T 7 ^T ^fr FFTT 1 =ili correlated response TRFFT 7 tiller iofal 1 ^FT 3nznFT 1 d TrF jTFT^RT 

1 rjqfy 1 'Jr. fafaraPTT SPJsFT MI$l**M ^T 7 TOT jTFT fa*IH I 

INTRODUCTION 

Varietal richness both in terms of landraces and modem variety including introduced and wild genotypes of wheat is high in Nepal 
(NARC 1997, Mudwari 1999, Upadhaya and Joshi 2003, Joshi et al 2004, Mudwari et al 2004, Joshi et al 2013). Altitudinal climatic 
variation and farmers’ needs are probably the major attributes for high wheat diversity. Diversity study among quantitative traits and 
their genetic parameters estimates are prerequisite in wheat breeding program (Desheva and Kyosev 2015, Farshadfar and Estehghari 
2014, Farshadfar et al 2013). Use of genetic resources requires their proper and systematic evaluation due to substantial variation of 
w r heat varieties in India (Pathak and Nema 1985), Ethiopia (Belay et al 1993), Nepal (Joshi et al 2004), Iran (Farshadfar and Estehghari 
2014), Bulgaria (Desheva and Kyosev 2015) and many other countries. Murty and Arunachalam (1966) stated that genetic drift and 
selection in different environments could cause greater diversity than geographical distance. Natural selection super-imposed by human 
under varied agro-climatic, soil and stress environmental conditions have produced marked variability that can be utilized for new- 
varieties improvement and development (Murty and Arunachalam 1966). Currently, such characterization has been more crucial in the 
context of climate resilient varieties and resistant not only to diseases but also to drought (Desheva and Kyosev 2015, Farshadfar and 
Estehghari 2014). It should be recognized that improvement in one character as a result of selection for another depends not only on the 
genotypic and phenotypic correlations, but also on the genotypic and phenotypic variances associated with them (Johnson et al 1955). 

Wheat is the third most important crop after rice and maize in Nepal. Different approaches have been employed to increase the 
productivity of wheat. Genetic improvement is the major technique to develop high yielding including drought tolerance and climate 
resilient varieties (Farshadfar et al 2013). Estimates of genetic parameters are important to efficiently breed the wheat. Information on 
genetic parameters is useful to plant breeders in order to design efficient breeding methods for crop improvement program. Considering 
these gaps, the objective of present study w r as to measure variance and covariance components, phenotypic and genotypic coefficients of 
variations, heritability (h 2 ), coheritability (ch 2 ), realized heritability (rh 2 ) correlated response (CRy) and genetic gain (AG), for selected 
important quantitative traits of wheat. 

MATERIALS AND METHODS 

Altogether 30 wheat genotypes (28 advanced lines and two-released cultivars) were evaluated in Initial Evaluation Trial at Agriculture 
Botany Division (ABD) in Khumaltar, Kathmandu valley in 2008. The ABD is located at 1350 m above the sea level. The climate of the 
experimental site is warm temperate mid hill agro-ecological condition. Some of these w r heat genotypes were received from 
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International Maize and Wheat Improvement Center (CIMMYT), Mexico and some were developed by Agriculture Botany Division. 
Standard agronomical practices were followed using randomized complete block design with three replications. Eight traits namely 
heading days, maturity days, plant height, tillers number, grains number per spike, grains weight per spike, 1000-grain weight and grain 
yield were measured based on the descriptors (IBPGR 1985). 

Based on these replicated data, variance, covariance components, and coefficients were estimated. Genetic parameters (heritability, 
genetic advance, genetic gain, selection differential, realized heritability, coheritability and correlated response) were computed. These 
were estimated following the procedures of Mudwari (1985), Johnson et al (1955), Robinson et al (1949), Burten and De Vane (1953) 
and Singh and Chaudhary (1985). Data were processed in MS Excel and analyzed in MINITAB and AGROBASE software. 

RESULTS 

The highest genetic coefficient of variation (GCV) was recorded for plant height (12.06%) followed by grain yield (9.92%), while 
lowest GCV was observed for headings and maturity days (Table 1). Phenotypic coefficient of variance (PCV) was usually higher than 
GCV, but the difference was very low (Table 1). The higher GCV and PCV for grain yield were (9.926% and 18.169%), plant height 
(12.06% and 12.96%) and tillers number (9.67% and 14.89%), respectively. The highest PCV was shown by grain yield (18.169%) 
followed by grain weight per spike (17.1 99%) (Table 1 ). 

The heritability (h 2 ) estimate varied from 16% for grain weight/spike to 94% for heading days (Table 2). Moderate to high heritability 
estimates were found for 1000-grain weight, tillers number, and plant height. The estimate of h 2 for grain yield, grain weight/spike and 
grain number w'ere per spike less. The genetic gain expressed as a percentage of the mean, ranged from 5.185 for maturity days to 
23.104 for plant height. Heading days, maturity days, grain number/spike and grain weight per spike had relatively low values (Table 2). 

To assess the tendency of various quantitative traits values for genotypic, phenotypic and environmental components, covariance and 
coheritability of 30 genotypes were determined (Table 3 and 4). Though most of the traits w r ere inherited together, tiller numbers 
exhibited much higher values of coheritability with grain number per spike and 1000-grain weight. High coheritability was estimated 
amongst the traits especially grain yield reflected closer association and lesser environmental influence. The changes brought about 
through indirect selection ie correlated response (CRy) on an associated trait are given in Table 5. The highest CRy value was shown by 
grain yield with tillers number. 

Table 1. Variance components of phenotype, genotype and environment and coefficient of variation with mean of 30 wheat genotypes 
(Symbols: Vp, Phenotypic variance. Vg, Genotypic variance. Ve, Environmental variance. PCV. Phenotypic coefficient of variation. 
GCV, Genotypic coefficient of variation) 


Trait 

VP 

Vg 

Ve 

PCV, % 

GCV, % 

Mean 

Heading days 

23.187 

21.821 

1.366 

4.118 

3.994 

116.944 

Maturity days 

18.017 

16.355 

1.662 

2.773 

2.642 

153.078 

Plant height, cm 

142.820 

123.520 

19.300 

12.968 

12.060 

92.156 

Tillers number 

3017.333 

1274.333 

1743.000 

14.891 

9.677 

368.878 

Grain number/spike 

32.087 

5.297 

26.790 

15.754 

6.401 

35.956 

Grain wt/spike, g 

0.080 

0.013 

0.068 

17.199 

6.807 

1.648 

1 000-grain vvt, g 

21.383 

10.983 

10.400 

10.073 

7.220 

45.905 

Grain yield, kg/ha 

207297.333 

61866.333 

145431 

18.169 

9.926 

2505.871 


Table 2. Genetic parameters estimated from 30 w'heat genptypes 


Trait 

Heritability (h 2 ) Realized heritability Expected genetic 

(rh 2 ) advance (GA) 

Actual Genetic gain Selection differential 
(AC) (S) 

Heading days 

0.941 

0.941 

9.335 

7.983 

8.482 

Maturity days 

0.908 

0.907 

7.937 

5.185 

5.712 

Plant height 

0.865 

0.864 

21.292 

23.104 

26.714 

Tillers number 

0.422 

0.422 

47.790 

12.956 

30.675 

Grain number/spike 

0.165 

0.165 

1.926 

5.357 

32.453 

Grain wt/spike 

0.157 

0.156 

0.091 

5.549 

35.430 

1 000-grain wt 

0.514 

0.513 

4.893 

10.659 

20.751 

Grain yield 

0.298 

0.298 

279.914 

11.170 

37.428 
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Table 3. Phenotypic, genotypic and environmental covariance estimated from 30 wheat genotypes 


Trait 


2 

3 

4 

5 

6 

7 

Grain yield 


Pan 

16.060 

-13.730 

-26.325 

0.907 

0.165 

0.768 

-108.128 

Heading days 

Gco\ 

15.344 

-13.559 

-16.331 

0.233 

0.014 

0.489 

2.754 


Eon 

0.716 

-0.171 

-9.995 

0.674 

0.151 

0.279 

-110.882 


Pan 


-18.891 

-47.643 

5.187 

0.107 

-0.445 

144.139 

Maturin' days 

Gco\ 


-20.395 

-37.831 

5.458 

0.124 

0.313 

191.899 


Eon 


1.504 

-9.812 

-0.270 

-0.017 

-0.759 

-47.760 


Pan 



-71.626 

-5.595 

0.564 

9.378 

-280.233 

Plant height 

Gcov 



-112.209 

-8.617 

0.383 

8.745 

-775.469 


Eeav 



40.583 

3.021 

0.180 

0.633 

495.236 


Pan 




-21.446 

2.144 

-4.199 

13753.840 

Tillers number 

Gcov 




-61.458 

-2.100 

-27.371 

5871.005 


E«n 




40.012 

4.244 

23.172 

7882.835 


Pan 





1.479 

-4.625 

273.031 

Grain number- spike 

G«n 





-0.063 

-3.368 

33.298 


Ectn 





1.542 

-1.257 

239.733 


Pan 






0.485 

47.818 

Grain wt Spike 

Gcov 






0.258 

14.646 


Eccn 






0.227 

33.172 


Pan 







189.764 

1000-grain wt 

Gcov 







312.688 


E«n 







-122.924 


P OT , Phenotypic covariance. G OT , Genotypic co\-ariance. Ecc*. Environmental covariance 
Table 4. Coheritabilitv (eh") among quantitative traits in 30 wheat genotypes 

Trait Heading Maturity Plant 

Tillers 

Grain 

Grain 

1000-grain 

Grain yield 

Heading davs 0.955 0.988 

0.620 

0.257 

0.087 

0.637 

-0.025 

Maturity days 1 .080 

0.794 

1.052 

1.159 

-0.703 

1.331 

Plant height 

1.567 

1.540 

0.680 

0.932 

2.767 

Tillers number 


2.866 

-0.979 

6.519 

0.427 

Grain 



-0.043 

0.728 

0.122 

Grain wt spike 




0.532 

0.306 

1000-grain wt 





1.648 


Table 5. Correlated response (CRy) among quantitative traits in wheat 

Trait Heading days Maturity days Plant height Tillers number Grain number/spike Grain wt/spike 1000-grain wt Grain yield 


Headine davs 

6.564 -5.800 

-6.986 

0.099 

0.006 

0.209 

1.178 

Maturity days 

-9.898 

-18.360 

2.649 

0.060 

0.152 

93.131 

Plant height 


-6.022 

-0.462 

0.021 

0.469 

-41.616 

Tillers number 



-2.305 

-0.079 

-1.026 

220.175 

Grain number/spike 




-0.023 

-1.225 

12.109 

Grain wt/spike 





1.875 

106.456 

1000-grain wt 






139.297 


DISCUSSION 

The magnitude of heritable variability, more particularly its genetic component is the most important aspect of the genetic constitution 
of the breeding material, which has a close bearing on the response to selection. For this determination, it was necessary to divide the 
total phenotypic variance of the quantitative traits into its components as these are the basis for genetic analysis, because the dimensions 
of these components decide the breeding behavior of the population and provide the bases of selection techniques (Moghaddam et al 
1998). The contribution of environmental factors was substantially important on total variance because of the lower values of GCV in 
comparison to PCV. Farshadfar and Estehghari (2014), Desheva and Kyosev (2015) also reported similar result. GCV gives a 
quantitative measurement of genetic variability in a particular trait. The highest genetic coefficient of variation in plant height followed 
by grain yield indicates the effective selection for these traits. Heading days (3.99%) and maturity days (2.64%) exhibited lower values 
of GCV suggesting that these traits are influenced by environment. Therefore, the selection for these traits will not be effective. Similar 
results were also obtained by Mudwari (1985). Since, most of these traits are controlled polygenically and inherited quantitatively, thus 
substantial environmental influence might impact on these traits. Maturity days, heading days, plant height and tillers number were 
exhibited higher genetic variance than environmental variance (Table 1) indicating thereby a lesser influence of environment upon these 
traits. These traits had also high heritability values (Table 2). 
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High uenotypic variance for a particular trait may not reflect heritable proportion of variation. Estimates of variance and its components 
alone "are not helpful in determining the heritable portions of variation (Falconer 1960). For this, an estimation of heritability (h*). the 
heritable proportion of variances of the traits seems necessary. High genetic gain was observed for plant height, tillers number, 1000- 
grain weight and grain yield. Similar results were observed by Moghaddam ct al (1998) confirming the validity estimates of present 
results. 

In the present study, the estimate of h 2 was large for 1000-grain weight (0.514), plant height (0.865), heading days (0.941), low for grain 
yield (0.298) and grain number (0.165) (Table 2). These values were similar to the findings of Sikka and Jain (1958) showing the 
validity of the findings. Bhullar et al (1982) in genetic analysis of durum wheat reported low h 2 estimates for grain yield, spikes per 
plant medium for spikelets per spike, grain per spike, 1000-grain weight and plant height. Heritability estimates reported for grain yield 
in wheat were usually low (Gandhi et al 1964. Pathak and Nema 1985, Mudwari 1985). High GCV value with intermediate estimates of 
h 2 and genetic gain in this study agreed with Belay et al ( 1 993). 

Since environmental variance is dependent upon the conditions ot culture or management, more variable (fluctuating) conditions reduce 
h 2 , contrarily higher uniformity increases it. The values of h 2 computed in this study for wheat refer to the populations grown in 
Khumaltar, Kathmandu Valley or similar condition elsewhere to great extent. However, such values for other populations in other 
situations could be liable to be more or less similar according to the population and the environmental conditions. The genotype- 
environment interaction variance was not separated from the genetic variance in this study, therefore the estimates ot GCV, h and 

genetic gain might be inflated. 

Genetic gain along with high h 2 is more useful in predicting the resultant effects of selection (Johnson et al 1955). Plant height exhibited 
the highest genetic gain, whereas tillers number, 1000-grain weight and grain yield showed substantially high response to selection 
(Table 2). Three characters i.e. plant height, tillers number and 1000-grain weight exhibiting high h' along with higher genetic gain 
suggests that these characters can also be" improved by selection. The low genetic gain against high h“ estimate tor heading days and 
maturity days showed that the expression of these characters were dependent to non-heritable variability up to certain extent. 

The expected iienetic advance (GA) was the highest on grain yield, but the highest genetic gain was observed on plant height (Table 2). 
The gain on grain yield from selection expressed as a percentage of the mean was 1 1.17%. This means that if the top 5% of the wheat 
plants were chosen, the grain yield would be expected to increase by 1 1.17% after one cycle ot selection. 


Grain yield 1000-grain weight, tillers number and plant height possessed substantially higher genetic variability and also exhibited 
higher genetic gains revealing greater response to the selection. These observations agreed with the results reported by Belay et al 
(1993) and Moghaddam ct al (1998). A low GCV and low GA were observed for heading days and maturity days (Table 1 and 2). These 
indicated that the characters were under high environmental influence thus, selection based on these characters would be ineffective 
The high value of GCV h 2 and GA estimated for plant height, tillers number and 1000-grain weight indicated the predominance ot 
additive gene action suggesting direct phenotypic selection based on these traits would be effective for varietal improvement. 

The h 2 and rh 2 values were similar in four traits and rh 2 was slightly lower than h 2 in others four traits (Table 2). The rlr is primarily a 
description of the response and may not provide a valid estimate of the h‘ in the base population (Falconer. I960). Larger population 
tends to give response to selection due to mainly to larger realized lr. Days to maturity and 1000-grain weight have played important 
role to increase grain yield because of high genetic covariance of these traits with gram yield (Table 3). Selection based on the number 
of tillers and grain number per spike could not be considered effective to increase yield due to high environmental covariance. High 
genotypic covariance between grain yield and weight was also reported by Farshadfar and Estehghan (2014). High values of genotypic 
covariance are very useful in breeding program to improve the traits simultaneously. Coheritability estimates were positive for most of 
traits (Table 4) The high coheritability values of grain yield with maturity days, plant height and 1000-gram weight indicate that 
selection on these traits would affect largely on grain yield. Farshadfar and Estehghan (2014) observed high coheritability values of 
grain yield with other agro-morphological traits. 

If the trait under selection is genetically correlated with other trait(s), one can expect improvement in the correlated trait(s) as well. 
Thus improvement in a trait can be made by direct as well as indirect selection. If we consider a plant height as selection criteria, 
negative indirect result will be observed in grain yield (Table 5). Because of the linkage relationship, correlated response frequently 
occurs under selection. 

Knowledge of the genetic parameters of a population is useftil in designing an effective breeding program High h 2 and GCV (and 
therefore high genetic advance) are positive indication that the variation in these traits is attributable to a high degree ot additive genetic 
effect. Selection for these characters should be effective and satisfactory for practical purpose. Information on these aspects will be 

valued by wheat breeders. 
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ABSTRACT 

A field experiment was conducted during the winter seasons of 2008-10 at Agroforestry Research Centre. Pantnagar. India with aim to examine 
the effect of different levels of recommended Nitrogen (N): Phosphorus (P): Potassium (K) (NPK) on soil physico-bio-chemical properties 
under varying poplar tree densities with mustard introcropping. Lower soil bulk density was recorded under 1000 trees/ha density compared to 
sole crop in both the year. Soil bulk density (BD) decreased underneath trees. However, soil pH. available N and K were not influenced by tree 
density in both the years. Electrical conductivity (EC) and soil organic carbon (SOC) increased underneath trees of either tree density compared 
to sole crop in both the years. Significantly (P<0.05) higher available P was recorded under 1000 trces/ha density compared to 250 and 500 
trees/ha densities including sole crop in 2008-09. Similarly, soil microbial biomass carbon (SMBC) increased with increasing the tree density 
and significantly (P<().0l) higher value was recorded under 1000 trees/ha density compared to sole crop and sparse density both the years 
except ’’009-I0 where 500 and 1000 trees/ha densities remain statistically at par. On the other hand, dehydrogenase activity (DA) was 
maximum under 500 trees/ha density compared to sole crop and 1000 trees/ha density in both the years. Among the fertility levels the 
maximum SOC and available N were recorded with 75% compared to 50. 100 and 125% of recommended NPK in 2008-09. except available N 
with 100% of recommended NPK. But. available P was more with 100% of recommended NPK in 2008-09. Similarly, maximum SMBC were 
recorded with 75 % compared to higher doses of recommended NPK in both the years. Similarly, BD. EC, SOC, available N. P and K were 
recorded maximum and soil pH minimum in 0-15 cm soil layers compared deeper layers. 


Key words: Fertility levels. pH, available N. P and K. DA 
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INTRODUCTION 

Soil fertility deterioration, in general, and organic matter depletion in particular under intensive agriculture system are the main 
oroblems in the tropical and sub-tropical region of Indian sub-continent. To certain extent agro-forestry land use system could be an 
alternate to reduce land degradation. Recently. Chauhan et al (2010) suggested Poplar (Populus deUoides Bartr) based agro-forestry as 
one of the viable land use options to prevent land degradation by which biological production could be restored sustainably. Thu system 
has been quite popular in northern India with expanding coverage every year. In such a system organic carbon content in so, (0- 15 cm 
has been shown to increased by 35.6 % after 6 years of poplar planting than in land having single wheat crop (Chauhan et al 2010). As 
such substantial loss in wheat yield occurred under Poplar, but compensated by the trees in terms of biomass, economics and carbon 
mitigation potential. There is need to increase the level of soil organic carbon not only to maintain land productivity but also to provide 
a sink for atmosphere CO, in the terrestrial carbon pool. Moreover, the deposition of Poplar leaf litter changes C:N (Carbon.Nitrogen) 
ratio of the soil compensating potential crop growth. 

The leaf litter biomass may vary depending on the tree age. density and management, hence nutrient cycling may also vary because soil 
biological activities are influenced by trees canopy, thereby availability of nutrients to underneath crops (Pingale 2009). The graded 
fevS of fertilizers applied in inter cropping system invariably used by both crop as well as trees in agn-silv.cultural system (Prasadm, 
and teemannarayana 2007). However, such knowledge has rarely been examined in specific agn-silv, culture system. Therefore, the 
present pTper attempt to provide empirical knowledge on residual effect in soi m terms of physical chemical and biological properties 
having va tying Poplar tree density underneath Indian mustard with various levels of fertilizers applied. 
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MATERIALS AND METHODS 

The field experiments were conducted at Agroforestry Research Centre Patharchatta of Govind Bhallav Pant University of Agriculture 
and Technology, Pantnagar, Uttarakhand located at 29°N Latitude, 79.3°E Longitude and at an altitude of 243.84 m above mean sea 
level during 2008-09 and 2009-10. The Poplar clone G4 were planted during February 2000 and mortality was maintained by gap- filling 
in following year to maintain 16 trees in each density at five meter row distance. The soil of the experiment site was clay loam (0-15 
cm) in texture, having pH 8.0-8.05, organic carbon 0.99-1.17%, available nitrogen (N) 143.3-141.4 kg/ha, available phosphorus (P) 
1 1.7-12.7 kg/ha and available potassium (K) 133.9-136.7 kg/ha in 0 to 45 cm soil layer under treeless (sole crop) to 1000/ha tree density 
plots. The land was thoroughly ploughed and incorporated leaf litter into the soil two weeks before sowing. Upland rice and wheat 
cropping sequence were followed till the beginning of the present experiment. The field remained fallow between the two experiments 
in kharif seasons of 2008-09 and 2009/10. The experiment was laid out in split-plot design taking four tree densities, i.e. Sole crop 
(open), 250, 500 and 1000 trees/ha plots with four fertility viz. 50%, 75%, 100% and 125% of recommended dose of fertilizer (RDF) for 
Indian mustard ( Brassica juncea L.) as sub-plot treatment with four replications. The recommended fertilizer dose was 120 kg N, 40 kg 
P 2 0 5 and 20 kg K 2 0/ha. The NPK mixture (12:32:16) and urea (46% N) were used as a source of fertilizers in both the years. The doses 
of 50% N and 100% P and K for Indian mustard were applied into the soil at the time of sowing. 

Indian mustard var. Kranti was inter-cropped on 8 th Nov in 2008 and 7 th Nov in 2009. The mustard seed was sown in lines 30 cm apart 
continuously keeping seed rate @ 5 kg/ha manually. The crop was irrigated only once with tube well water in both years at about 45 
days after sowing (DAS). The remaining 50% N was top dressed after one week of irrigation. The crop was harvested on March 23 rd and 
26 lh , in 2009 and 2010, respectively when more than 80% pod turned yellow. Soil samples from each main plot in 0-15, 15-30 and 30-45 
cm depths were collected before sowing and after harvest of mustard crop in both the years for assessing chemical properties viz. pH, 
Electrical Conductivity (EC), Soil Organic Carbon and available N, P and K. 

-For soil microbial study, samples from each subplot at 0-15 cm soil depth were collected at peak flowering stage and stored in deep 
freeze for the determination of soil microbial biomass carbon and dehydrogenase activity. Bulk density was determined by Core sampler 
from each main plot at 0-15, 15-30 and 30-45 cm soil depths before sowing mustard crop. Soil samples were analyzed for pH (Jackson 
1973), EC, SOC (Black 1965), available N (Subbiah and Asija 1956), P (Olsen et al 1954) and K (Jackson 1973) using standard 
procedures. The soil values of pH, EC, SOC, available N, P and K were determined depth wise in 0-15, 15-30 and 30-45 cm depths. 
Chloroform fumigation extraction (Jenkinson and Powlson 1976) and TTC assay method (Tabatabai 1994) were employed for the 
determination of soil microbial biomass carbon (SMBC) and dehydrogenase activity (DA), respectively. 

RESULTS 

Soil Physical Properties 
Soil Bulk Density 

The soil bulk density (BD) (g/cc) was influenced by tree density and soil depths in both the years, respectively. The soil bulk density 
decreased with increasing tree density (Table 1). The highest 1.498 g/cc soil bulk density was recorded in sole cropping (open plot) as 
compared to underneath trees density in 2008-09 and 2009-10, respectively. However, the differences in soil bulk density between 250 
and 500, and 500 and 1000 trees/ha plots in first year; and amongst 250, 500 and 1000 trees/ha densities in the second year were 
insignificant. The soil bulk density increased with increase in the soil depth. However, 15-30 cm soil depth had significantly (P<0.05) 
higher bulk density than 0-15 cm in 2009-10 (Table 1). 

Soil Chemical Properties 
Soil pH 

The soil pH after harvest of mustard crop was not influenced by tree density and fertility levels both during 2008-09 and 2009-10, while the soil 
pH varied with soil depths in both the years (Table 2). The soil pH increased with increasing the soil depth up to 30 cm and declined in 
further deeper (30-45 cm). The higher (8.04 and 8.47) and lower (7.80 and 8.23) soil pH was observed in 15-30 and 0-15 cm soil 
depths, respectively in both the years. 

EC of Soil 

The EC (dS/m) of extract from saturated soil after harvest of mustard crop was influenced by tree density, fertility levels and soil depths 
in both the years (Table 2). The EC of soil increased with increased tree density. The maximum (0.610 and 0.508 dS/m) substantially 
higher EC w r as recorded under 500 trees/ha density in 2008-09 and under 1000 trees/ha density in 2009-10, respectively, as compared to 
sole crop (open plot) and 250 trees/ha density in 2008-09. EC w r as similar in open plot and sparse density (250 trees/ha) in first year and 
higher density in second year. Moreover, EC of soil underneath poplar trees was more compare to sole crop (open plot) in both the years. 
Among the fertility levels, the maximum (0.678 and 0.480 dS/m) EC was recorded with 50% compared to 75, 100 and 125% of 
recommended NPK in first year and with 100% compared to 75 and 125% of recommended NPK in second year, respectively. 
Whereas, the differences between 50 and 100% and 75 and 125% of recommended NPK in 2009-10 were not significant. The EC of soil 
decreased with increasing soil depth and the maximum (0.588dS/m) EC was recorded in 0-15 cm depth comparing to 15-30 and 30-45 
cm layers in 2008-09 and 2009-10. However, the EC in 15-30 and 30-45 cm soil depths were almost similar in 2009-10. 
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Table 1. Soil bulk density as 

influenced by poplar tree density and varying soil depths 


Treatment 


Bulk density (g/cc) 


A. Tree density (trees/ha) 

2008-09 

2009-10 


Sole crop 

1.402 

1.498 


250 

1.328 

1.389 


500 

1.313 

1.389 


1000 

1.295 

1.375 


SEm ± 

0.009 

0.024 


CD, 5% 

0.030 

0.078 


B. Soil depth (cm) 

0-15 

1.290 

1.293 


15-30 

1.366 

1.414 


30-45 

1.349 

1.531 


SEm ± 

0.008 

0.023 


CD, 5% 

0.024 

0.069 



Organic Carbon (OC) Content in Soil 

The organic carbon (%) of soil after harvest of mustard crop was influenced by tree density, fertility levels and soil depths in both the 
years, except by fertility levels in 2009- 1 0 (Table 2). The SOC (%) increased with increasing tree densities having maximum values 1.11 
and 1.01% in 2008-09 and 2009-10, respectively. The highest OC was recorded under highest density (1000 trees/ha) in both years, 
compared to sole crop field. The differences between sole crop and 250 trees/ha and amongst 250, 500 and 1000 trees/ha densities in first 
year and 250, 500 and 1000 trees/ha densities in second year were somewhat closer. The SOC increased by 1 1 and 25%; 15 and 26% and 
19 and 26% with each successive increase in tree densities from zero to 1000/ha in 2008-09 and 2009-10, respectively. 

Among the fertility levels, the maximum (1.1 1%) soil OC was recorded with 75% of recommended NPK compared to 50, 100 and 125 
% in 2008-09. The differences between 50, 100 and 125% of recommended NPK were not substantial with respect to SOC content in 
soil. Organic carbon of soil decreased with increasing soil depth having maximum (1.41%) recorded in 0-15 cm depth comparing to 15- 
30 and 30-45 cm depths in both years. However, 15-30 cm depth had higher SOC than 30-45 cm in both the years. Surface soil layer (0- 
15 cm) showed approximately two times (107 and 133%) more SOC. Whereas, the middle soil layer (15-30 cm) contained 53 and 45% 
more SOC than the lower most studied layer i.e. 30-45 cm. 

Available Nitrogen in Soil 

The available N in soil after harvest of mustard crop was not influenced by tree density in both the years, while fertility levels showed 
substantial effect only in 2008-09 and by soil depths in both the years (Table 3). The maximum (178.1 kg/ha) more soil available N was 
recorded with 75% as compared to 50 and 125% of recommended NPK in 2008-09. The differences between 50 and 100; 50 and 125 
and 75 with 100% of recommended NPK were not substantial. Tire available N in soil decreased with increasing soil depths having the 
maximum (197.3 kg/ha) high soil available N at 0-15 cm depth in both years, comparing to 15-30 and 30-45 cm depths. At 15-30 cm depth 
higher available N compared to 30-45 cm depth occurred in both years. The maximum available N (kg/ha) was found in surface (0-15 
cm) layer during both the years. The lowest available N was recorded in the lower most soil of 30-45 cm. 

Available Phosphorus in Soil 

The available P in the soil was significantly influenced both by tree density (P<0.05) and fertility levels (P<0.01) only in 2008-09. but 
by soil depths in both the years (Table 3). The maximum P (19.5 kg/ha) was occurred under 1000 trees per ha density compared to other 
densities including sole crop plots in year 2008-09. The differences amongst sole crop plots and under 250 and 500 trees/ha densities 
remained statistically non-significant ( P<0.05 ). The available P in soil increased with increasing fertility levels up to 100% of 
recommended NPK. while the difference between 75 and 125% of recommended NPK was not significant. 

Available Potassium (K) in Soil 

The available K in soil after harvest of mustard crop was not influenced by tree density and fertility levels in any of the growing season, 
but varied with the soil depths in both the years (Table 3). Alike available N and P. available K in soil also decreased with increased 
soil depths. The maximum (200.9 and 224.5 kg/ha) available K in soil was recorded in 0-15 cm depth which decreased significantly 
(P<0.05) with soil depth both years due to more tum-over of organic residues on the surface soil. The lowest available K was recorded in 
the lower most soil layer of 30-45 cm. 

Soil Biological Properties 
Soil Microbial Biomass Carbon 

Soil microbial biomass carbon (SMBC) was significantly (P<0.05) influenced by tree density and fertility levels in both the years (Table 
4). SMBC increased with high tree densities having maximum (239.0 pg g' 1 soil), higher SMBC under highest (i.e. 1000 trees/ha) 
density both in 2008-09 and 2009-10, respectively, comparing other densities including sole crop in first year and sole crop and 250 
trees/ha density In second year. The differences between 250 and 500 trees/ha and 500 and 1000 trees/ha densities were not significant 
(P<0.05) in 2009-10. Among the fertility levels, the maximum 227.88 pg g' 1 soil was significantly (P<0.05) higher in 75% of 
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recommended NPK. respectively, compared to 100 and 125% of recommended NPK both in 2008-09 and 2009-10. The differences 
between 50 and 75% and 100 and 125 % of recommended NPK were not significant (P<0.05) in both the years. 


Table 2. pH. EC and OC (%) of soil as influenced by poplar tree density, fertility levels and soil depths after harvest of mustard crop during 


both the growing seasons 


Treatment 


PH 

EC (dS/m) 


SOC (%) 


2008-09 

2009-10 

2008-09 

2009-10 

2008-09 

2009-10 

A. Tree density (trees/ha) 

Sole crop 

7.98 

8.40 

0.425 

0.322 

0.93 

0.80 

250 

7.90 

8.33 

0.456 

0.503 

1.03 

1.00 

500 

7.96 

8.41 

0.610 

0.500 

1.07 

1.01 

1000 

7.93 

8.36 

0.587 

0.508 

1.11 

1.01 

SEm ± 

0.03 

0.03 

0.014 

0.011 

0.03 

0.04 

CD. 5% 

NS 

NS 

0.051 

0.040 

0.12 

0.16 


B. Fertility levels (% of recommended NPK) 

50 

7.93 

8.36 

0.678 

0.466 

1.02 

0.96 

75 

7.93 

8.38 

0.431 

0.452 

1.11 

0.91 

100 

7.96 

8.39 

0.468 

0.480 

1.00 

0.98 

125 

7.96 

8.37 

0.500 

0.434 

1.01 

0.97 

SEm ± 

0.02 

0.02 

0.010 

0.009 

0.01 

0.02 

CD. 5% 

NS 

NS 

0.030 

0.026 

0.04 

NS 

C. Soil depth (cm) 

0-15 

7.80 

8.23 

0.588 

0.487 

1.41 

1.40 

15-30 

8.04 

8.47 

0.530 

0.441 

1.04 

0.87 

30-45 

7.98 

8.42 

0.441 

0.447 

0.68 

0.60 

SEm = 

0.01 

0.01 

0.005 

0.005 

0.005 

0.01 

CD. 5% 

0.03 

0.04 

0.014 

0.015 

0.01 

0.03 

NS-Not significant 







Table 3. Available N, P and K in soil (kgha) as influenced by various poplar tree densities. 

fertility levels and soil depths after harvest of 

mustard crop during both the growing seasons 





Treatments 

Nitrogen 


Phosphorus 


Potassium 



2008-09 

2009-10 

2008-09 

2009-10 

2008-09 

2009-10 

A. Tree densitvf trees/ha) 

Sole crop 

175.5 

159.7 

14.5 

19.0 

131.8 

145.0 

250 

175.2 

169.5 

15.3 

19.0 

158.3 

158.3 

500 

155.1 

162.4 

14.7 

18.7 

129.2 

159.0 

1000 

155.9 

163.8 

19.5 

18.8 

143.2 

151.7 

SEm± 

7.9 

3.2 

1.0 

0.6 

12.6 

16.6 

CD, 5% 

NS 

NS 

3.4 

NS 

NS 

NS 

B. Fertility levels(% of recommended NPK) 

50 

158.4 

160.9 

13.2 

18.0 

140.5 

150.4 

75 

178.1 

164.3 

15.8 

19.6 

142.5 

147.0 

100 

173.6 

164.3 

18.4 

19.7 

138.7 

159.4 

125 

151.5 

165.9 

16.6 

18.3 

140.8 

157.2 

SEm = 

5.7 

1.8 

0.5 

0.6 

4.3 

6.3 

CD, 5% 

16.6 

NS 

1.5 

NS 

NS 

NS 

C. Soil depth (cm) 

0-15 

197.3 

191.8 

26.9 

27.2 

200.9 

224.5 

15-30 

161.7 

161.9 

12.8 

15.7 

117.1 

143.1 

30-45 

137.2 

137.9 

8.3 

13.8 

103.9 

92.9 

SEm = 

3.1 

1.3 

0.3 

0.5 

3.1 

3.6 

CD, 5 % 

8.9 

3.7 

1.0 

1.6 

8.6 

10.1 


NS- Not significant 


Dehydrogenase Activity 

Dehydrogenase activity was significantly (P<0.05) influenced by tree density during both the years. The dehydrogenase activity was not 
influenced by fertility levels during both the years (Table 4). Dehydrogenase activity increased with increased tree densities and 
reached maximum (118 and 167 pg TPFg -1 24 hr" 1 ) and significantly(P<0.05) higher under 500 trees/ha density in 2008-09 and 2009- 
10, respectively, compared to sole crop in first year and sole crop, 250 and 1000 trees/ha densities in second year. The differences 
between sole crop and 1000 trees/ha and amongst 250, 500 and 1000 trees/ha in 2008-09 and between 250 and 1000 trees/ha densities in 
2009-10 were not significant (P<0.05). 
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DISCUSSION 

The soil bulk density (BD) (g/cc) was substantially influenced by tree density and soil depths in both the years i.e. 2008-09 and 2009-10 
(Table 1). The lower bulk density was recorded in higher density due to high organic matter content in closely spaced tree density. More 
leaf litter fall might occurred in plots under higher tree densities. Higher value of bulk density was observed in second year due to 
removal of leaf litter in first year from the mustard plot for establishment and proper growth of experimental crop (mustard), hence 
complete addition of litter to soil could not be allowed. These results are in close agreement with Nayak et al (2009) and Pingale, 
(2009). Nayak et al (2009) observed the lower bulk density under Prosopis juliflora tree as compared to open field. Pingale (2009) also 
observed decrease in soil bulk density with increased in Populus deltoides tree density. The soil bulk density increased with the increase 
in the soil depth due to poor organic matter content at deeper depth. Gupta and Sharma (2008) also reported soil physical properties such 
as porosity, density and water holding capacity improved in poplar plantation compared to sole crop in Uttrakhand. 

The soil pH varied with soil depths in both the years (Table 2). The marginally lower pH in 0-15 cm soil depth under agroforestry systems 
may be due to substantial addition of organic matter to the surface soil under trees and organic acid released during litter decomposition 
as also reported in agrisilvicultural system by Prasadini and Sreemannarayana (2007) and Kumar et al (2008). Newaj et al (2007) also 
observed very nominal changes in soil pH under White siris ( Albizia procera) based agrisilvicultural system after 4 years of 
experimentation as compared to initial value due to very high free calcium carbonate content in the soils. Bharadw r aj et al (2001) 
observed increasing trend of soil pH w ith deeper soil layers under various tree densities of poplar. 

EC of soil underneath poplar trees was higher compared to sole crop (open) in both the years (Table 2). Newaj et al (2007) also 
observed higher EC under Albizia procera based agrisilvicultural system than under pure crop of mustard and black gram. This could be 
due to enrichment of soil mineral basic salts through addition and decomposition of litter. Singh et al (2007) reported that poplar trees 
returns maximum amount of Ca into the soil through litter fall amongst different macronutrients. 

Among the fertility levels, lower (50%) of NPK fertilized plots showed higher value of EC. Maji and Mandal (2004) also observed that 
addition of 75% of recommended NPK plus FYM either in both the seasons and single season enhanced the electrical conductivity of 
soil than the control in paddy-oat/berseem rotations. The EC of soil decreased with increasing soil depth. Higher magnitude of EC in 0- 
1 5 cm depth compared to lower depth occurred probably due to the presence of more litter at the surface soil. Similar results have also 
been shown by Newaj et al (2007) in agrisilviculture system in semi-arid areas of India. 

Soil organic carbon contents decreased in 2009-10 compared to 2008-09, this might bedue to defoliation of poplar leaves by insect 
(caterpillar) attack during early autumn season in 2009-10. It is speculated that the defoliation must have reduced the total biomass of 
organic matter addition into the soil in 2009-10. Such facts might need to be examined in future studies how the caterpillars might impact 
the biomass loss on soil organic carbon deposits. The SOC (%) in soil increased with increasing the tree densities compared to sole crop i.e. 
open field. The SOC (%) increased by 1 1 and 25%; 15 and 26% and 19 and 26% with each successive increase in tree density from zero 
to 1000/ha in 2008-09 and 2009-10, respectively. Previous studies have also argued that continuous litter addition and tree shading 
should helped in protecting soil organic matter by reducing oxidation (Gill and Burman 2002, Bharadwaj et al 2001, Pingale 2009). 
Swami and Puri (2005) also observed 15.1% increase over initial value in SOC (%) in Gmelina arborea based agrisilvicultural system, 
while it has been 51 .2% increase in pure plantation of G. arborea. 

Among the fertility levels, the maximum soil OC was recorded with 75% of recommended NPK compared to other levels of NPK. Das 
et al (2010) also observed highest soil organic carbon content with lower recommended NPK (50% NPK) in conjunction with Azolla 
compost compared to recommended NPK levels. Moscatelli et al (2008) observed fertilization did not modify soil capacity to 
accumulate organic matter in the medium term. Organic carbon of soil decreased with increasing soil depth and the maximum SOC was 
recorded in upper layer compared to deeper layers. Surface soil layer (0-15 cm) showed approximately two times (107 and 133%) more 
SOC (%) during 2008-09 and 2009-10, respectively. Whereas, the middle soil layer (15-30 cm) contained 53 and 45% more SOC (%) 
than the lower most layer i.e. 30-45 cm during 2008-09 and 2009-10, respectively. Similar variations in SOC with soil depth have also 
been indicated by Pingale (2009), Swami and Puri (2005) and Chauhan et al (2010). 

The maximum soil available N was recorded with 75% compared to lower (50%) and higher levels (125%) of NPK. This may be due to 
depressive effect of higher dose of P on nitrogen availability in the soil. Haris et al (1999) had observed the depressed available N status 
of soils by application of P. The available N, P and K in soil decreased with increased soil depths and the maximum available N, P and K 
(kg/ha) was found in surface soil (0-15 cm) layer during both the years due to more turn-over of organic residues on the surface soil. The 
lowest available N, P and K was recorded in the lower most soil layer of 30-45 cm. Bharadwaj et al (2001) also observed decreasing 
trend in available N, P and K content with increase in soil depth even under high density poplar plantation. 

Similarly, Swami et al (2008) also observed available nutrient (NPK) decreased with soil depth under Gmelina arborea based 
agrisilvicultural system. Maximum available P was recorded under highest (1000/ha) tree density probably due to the high organic 
matter content in the soils. The decomposition of organic matter is accompanied by the release of appreciable quantities of carbon 
dioxide which forms carbonic acid, when dissolved in water can decompose certain primary minerals. It has been shown that in 
calcareous soils, carbon dioxide production plays an important role in increasing the phosphate availability. The organic material forms 
a cover on sesquioxide and reduces the phosphate fixing capacity of the soil (Das et al 2010). The maximum available P in soil was 
obtained with 100% NPK probably due to the P content of soil increased with increased dose of NPK. 
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Table 4. Soil microbial biomass carbon (pg g -1 ) and dehydrogenase activity (pg TPF g 1 
levels at flowering stage during both the grow ing seasons 

1 24h _1 ) as influenced by poplar tree density and fertility 

Treatments 


Soil microbial biomass carbon 


Dehydrogenase activity- 

2008-09 

2009-10 

2008-09 

2009-10 

A. Tree density(trees/ha) 

Sole crop 

159.00 

187.00 

103.00 

127.00 

250 

179.00 

207.00 

117.00 

147.00 

500 

205.00 

224.00 

118.00 

167.00 

1000 

226.00 

239.00 

109.00 

145.00 

SEm ± 

6.04 

6.01 

3.49 

5.09 

CD, 5% 

19.31 

19.22 

11.15 

16.28 


B. Fertility levels (% of recommended NPK) 


50 

197.73 

219.70 

113.03 

141.80 

75 

203.10 

227.88 

112.98 

150.70 

100 

185.41 

205.29 

111.39 

153.40 

125 

180.82 

203.35 

109.79 

140.60 

SEm± 

3.40 

3.43 

1.12 

4.09 

CD, 5% 

9.75 

9.83 

NS 

NS 


NS=Not significant 


Soil microbial biomass carbon increased with increased tree densities owing to higher organic carbon content, and favorable 
microclimate under higher density. Kumar et al (2008) also observed higher microbial activity under plantations of different tree species 
in the upper surface of soil due to presence of higher organic carbon content. Chander et al (1995) observed improved microbial biomass 
carbon during decomposition of poplar leaf litter compared to Eucalyptus leaf litter. 

Higher SMBC was obtained with 75% of recommended NPK due to adverse effect of higher dose of chemical fertilizers on active 
microbial population growth. This finding is similar to Cheema et al (2008) where enzymatic activity in soils was found to be depressed 
with continuous application of recommended inorganic fertilizers. Dehydrogenase activity increased with increased tree densities and 
reached maximum under 500 trees/ha density. This was probably due to higher fine root biomass under 500/ha tree density. Since the 
roots are known to produce exudates which are likely to provide energy for microbial metabolic activity. Singh and Singh (1994) also 
observed fine roots biomass of poplar was more in wider spacing, generally in 0-15 cm soil layers. The dehydrogenase activity 
improved underneath trees comparing to sole crop in both the years indicating increased active microbial population, as it provides 
correlative information on the biological activity and microbial population in the soil. This improvement in dehydrogenase activity 
might be due to improved physico-chemical properties of soil by trees. Batra (2004) also observed the dehydrogenase activity of soil 
being influenced both by the soil physico-chemical characteristics and agricultural management practices. 

Agroforestry land use system is viable for sustainable agricultural production due to substantial addition of organic matter into the soil. 
The soil quality in enhanced underneath trees and optimum tree density is required for proper crop growth under tree canopy. Optimum 
dose of NPK (75%) is required for maintaining the soil quality in agrisilviculture system. 

Agriculture land is believed to be a major potential sink and could absorb large quantities of carbon, if trees are reintroduced to these 
systems and judiciously managed together with the crop and/or animals. Thus importance of agroforestry as a land use system is 
receiving a wider recognition not only in terms of agricultural sustainability, but also due to climate change. Litter fall plays an 
important role in terms of nutrient cycling, and thus adds to sustainability of the system. 
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ABSTRACT 

A long-term soil fertility experiment under rice-rice-wheat system was performed to evaluate the long term effects of inorganic fertilizer and 
manure applications on soil properties and grain yield of wheat. The experiment began since 1978 was laid out in randomized complete block 
design with 9 treatments replicated 3 times. From 1990 onwards, periodic modifications have been made in all the treatments splitting the plots 
in two equal halves of 4 x 3 m : leaving one half as original. In the original treatments, recent data revealed that the use of Farm Yard Manure 
(FYM) @10 t ha' 1 gave significantly ( P<0.05 ) higher yield of 2.3 t ha' 1 in wheat, whereas control plot gave the lowest grain yield of 277 kg ha' 1 . 
Similarly, in the modified treatments, the use of FYM @10 t ha' 1 along w*ith inorganic Nitrogen (N) and Potassium oxide (K;0) @ 50 kg ha' 1 
produced significantly (P<0.05) the highest yield of 2.4 t/ha in wheat. The control plot with an indigenous nutrient supply only produced wheat 
yield of 277 kg ha' 1 after 35 th year completion of rice-rice-wheat system. A sharp decline in wheat yields was noted in minus N, phosphorus (P), 
Potassium (K) treatments during recent years. Yields w ere consistently higher in the NiPzOfiKzO and FYM treatments than in treatments, where 
one or more nutrients w ere lacking. The application of P ;05 and K:0 caused a partial recovery of yield in P and K deficient plots. There was 
significant {P<0.05) effect of use of chemical fertilizers and manure on soil properties. The soil analysis data showed an improvement in soil 
pH (7.8), soil organic matter (4.1%). total N content (0.16%), available P (503.5 kg P:0 5 ha' 1 ) and exchangeable K (137.5 kg K;0 ha' 1 ) in FYM 
applied treatments over all other treatments. The findings showed that the productivity of the wheat can be increased and sustained by improv ing 
nutrient through the integrated use of organic and inorganic manures in long term. 

Key words: FYM, inorganic, long term, organic and rice-rice-wheat 


yuii<4mi vnmfn+ 7 mtftpcf mhmM 7 foy+ifHH swmm rinjcf-pr srnfr yrf s ^r 
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H\ Trf^tjFr 7 ^ TPrt^dT^t yMHin i 
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^TWT R^=FT ‘^qT^W 3TRTT I fq- ip 7 ^ tt^t qr ¥F=2[T *pfr qfqMH-M H'l^lcH *T^T 

far# qfr iw i 7 MT?TfaRR#r mrtmw riNft t^mkhmi 1 qidichi T^yrn #r 7 ¥tt^t 

1 Hidcpl BTfcjrgT 3Pjqp- iFq I'M -ally ^T^PTT TRT MViMri=hl WF7TTT Mid i 4V >9.=;. q T ^ T P ' =F MTTM' 

o.^, cs H r-icaj 7 Mldl^MM ^ Bs3. < feTT 7% ypjFpTFF ^cFf MTfqT I HMHM=I mWsTRT ET Tlfoch 7 

RTTeFf feTOferT t»c£|cr.rf ^Hq'Miqid 3Tfqqfe jFTcET ^THTT TTTftr qiMcfcrMMl ^JP~ ^ I 

INTRODUCTION 

Rice and w’heat mostly grow’n in sequencing order especially in Terai region represents the most important food crops of Nepal. The 
Terai plain, meets about 75% of the country’s total cereal food demand (NARC 1995). However, productivity and profitability are quite 
low despite of the fact that a doubling of the crop production in the next 25 years is required to meet Nepal’s estimated population 
growth (NARC 1995, Hobbs and Morris 1996, Kshteri 2010). Increasing the productivity of land through intensive cropping system 
depletes nutrient reserves of the soil at faster rate (Regmi et al 2003) while unbalanced fertilizer application may disturb nutrient 
availability to crops, leading to a reduction in yield (Nambiar 1994, Yadav et al 2000). Improving productivity' and increasing cropping 
intensity to sustain yields and meet the future food needs requires adequate soil fertility (Regmi et al 2003). Therefore, to maintain land 
productivity for crop production, it is likely that new emerging nutrient deficiency or imbalances are addressed, identified and corrected 
promptly. In such sequence, identification of micronutrients zinc deficiency* in rice and boron in wheat represents the best examples 
(Regmi et al 2003). 

It has been observed that continuous use of chemical fertilizers in imbalanced form deteriorates soil physical properties (Biswas et al 
1971, Prasad et al 1983, Bhattacharyya et al 2015). Detrimental effects of chemical fertilizers even in balanced form on soil physical 
properties are also being observed. F or example, decline in soil organic carbon and associated decline in system productivity* under rice- 
wheat system with the long-term use of recommended NPK was observed in some field studies (Nambiar 1994, Abroal et al 2000, 
Yadav et al 2000). The widespread stagnation and occasional decline is rice— w’heat productivity over the last about three decades have 
become a matter of serious concern, as rice— 1 wheat is the major cropping system in south Asia, feeding more than 400 million people 
world-over (Ladha et al 2003). 
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Soil fertility is largely attempted to maintain by application of compost and manure, but in recent years a decline in soil fertility has been 
reported (Shrestha et al 2000). There has been considerable research in Nepal on soil fertility enhancement and soil and water 
conservation techniques over the years (Keatinge et al 1999, Acharya et al 2000). Despite of that the soil fertility in long run in relation 
to cropping pattern has always been a subject of interest because of several factors associated including the manure and fertilizer use. 
Therefore, long-term experiment has always been suggested to be valuable for evaluating the effects of continuous cropping on the 
capacity of a system to sustain nutrient supply and the productivity (Regmi et al 2003). 

For recommending appropriate technologies to maintain soil fertility as well as the environment, it is necessary to evaluate long-term 
effects of inorganic and organic manures on soil properties (Garni and Sah 1988, Bhattacharya et al 2015). The long-term soil fertility 
experiments are valuable for understanding the relationships among changing soil, crop management practices and productivity 
(Bhattacharya et al 2015). It is also important that the data collected from constantly monitoring long-term experiment could be useful 
for improving statistical and simulation tools (IRRI 2000. Bhattachrayya 2015). Therefore, a long term experiment was initiated under 
rice-rice-wheat system to evaluate the effects of long term application of mineral fertilizer and organic manure on soil properties and 
wheat grain yield under rice-rice-wheat system. 


MATERIALS AND METHODS 

Experimental Site, Treatments and Crop Management 

The long term experiment was started in 1979/80 at National Wheat Research Program located in Bhairahawa, Rupandehi District in the 
western Terai Reeion of Nepal at the latitude of 27°32’ and the longitude of 83°28’ with an elevation of 120 masl. In this site, the air 
temperature ranges from a minimum of about TC in winter to the maximum of about 45 C in summer. In general, the site receives 
ample rainfall during the monsoon, which starts from June and continues up to September. The mean annual rainfall is about 1800 mm. 
The soil of the experiment plot was silty loam with a pH of 8.0, organic matter (OM) of 1.783%, P of 9.75 u/g. exchangeable k of 126 
ug/g soil and bulk density of 1.6 g cm' 3 with hard pan just below the plow layer. The soils in the experiment area are classified as Typic 

Heplaquepts. 

The experiment was laid out in randomized complete block design with 9 treatments which were replicated 3 times. The plot size was 6 
x 4 m : up to 1990 From 1990 onwards, periodic modifications have been made in all the treatments splitting the plots in two equal 
halves of 4 x 3 nr leaving one half as original (Table 1). Wheat was sown in rows of 25 cm apart. Farm yard manure was applied at 7- 
10 days before seeding. Half dose of N and full dose of P and K were applied as basal. Remaining 50% nitrogen was top dressed at -1- 

25 days after seeding in wheat. 


Measurement of Crop Parameters 


Table 1. Original and modified treatments of LTSFE (R-R-W) 


Original Treatment 
Tr>l0 N, P,Q< KiO kg/ha 

1 0: 0:0 - R & W 

2 100:0:0- R&W 

100:30:0 -R 

3 100:40:0 -W 

4 100:0:30- R&W 

100:30:30 -R 
100:40:30 -W 


Modified Tr. (1991) 
N. P.O< K.O kg/ha 

0: 0:0 - R & W 
100:30:30 -R 
100:40:30- W 
100:30:0 -R 
100:40:0- W 
100:100:30 
One time - ER 
1 00:30:30 -R 
100:40:30- W 


1 00:0:0 -R 100:30:0 -ER 

0 1 00:40:30 -W 

7 50:0:0 - R & W+ 30 cm stubble incorporation 50:20:0 -R&W +30 cm stb. incorporation 

50:20:0 - R & W+ 30 cm stubble 

8 50:20:0 - R & W+ 30 cm stubble incorporation jncorporation 

9 FYMIOt/ha-R&W F Y M 10 t/ha + 50 kgN - R & W 

LTSFE= Long Term Soil Fertility Trial. Trt= Treatments 


.Modified Tr.(1995 onward) 

N, P 2 O 5 K 2 Q kg/ha . 

100:50:100- R&W 
100:30:30 -R 
100:40:30- W 
100:30:30- R 
100:40:30- W 
100:30:30- R 
100:40:30- W 
100:30:100 -R 
100:40:100- W 
100:0:0 -R 
100:40:30 -W 
100:30:0 -ER 

50:20:0 -R&W +30 cm stb. incorporation 
50:20:20 - R & W + 30 cm stubble 
incorporation 

F Y M 10 t/ha + 50 kgN + 50 kg K20 -R&W 


Soil Sampling and Analysis 

Soil samples were collected from each of the experimental plots after harvesting wheat (5 April 2014). Each soil sam P' e ^ s randomb' 
collected from the 0 to 20 cm deep plough layer using an auger. For this, the air-dned samples were crushed and passed though a - n 
c 'i u riot^rm in pH hv t nH meter after extraction from a soil: water ratio of 1:2. Organic matter was determined using 

Sommers ,982) and , 0 .a, N using Kjeldhals method IBremner and Muh.ney 
*8’) For available P determination modified Olsen s (Olson and Sommers 1982 ) methods used: exchangeable k was estimated b 
1M ammonium acetate extraction (Knudsen et al 1982) followed by flame photometric determination. 
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Statistical Analysis 

Recorded data were compiled and tabulated in Ms-Excel. Data for each parameter over two year's period was subjected to analysis of 
variance using a Randomized Complete Block Design according to MSTATC (Steel and Torrie 1980). Treatment means were compared 
using least significant difference (LSD) test at P<0.05. 

RESULTS 

Grain yields of wheat in rice-rice-wheat system were affected by the application of different combination of manures and fertilizer 
treatments. 

Original Treatments 

The various growth and yield attributing parameters significantly (P<0.05) differed with the varied use of organic and inorganic sources 
of nutrients in wheat crop. The plant height, productive tillers per m 2 , test weight, straw and grain yields were significantly (P<0.05) 
higher where use of FYM @,10 t ha' 1 were applied with the highest yield of 3616 kg ha" 1 in 2011 and 2383 kg ha' 1 in 2012 against 425 
kg' ha' 1 and 277 kg ha' 1 in control (Tl), respectively (Appendix 1, 2 and 3). In 2012/13, logging during heading stage of wheat caused 
the low yield. 


Table 2. Grain yield (kg ha' 1 ) of wheat in LTFT during 201 1/12 and 2012/13 


Trt 


2011/12 


2012/13 

Original 

Modified 

Original 

Modified 

Tl 

425 

3278 

277 

1793 

T2 

1218 

1865 

370 

1521 

T3 

1582 

2124 

333 

1538 

T4 

513 

3176 

370 

1682 

T5 

2622 

3348 

1325 

1899 

T6 

2612 

2808 

1205 

1418 

T7 

386 

1695 

362 

1085 

T8 

1707 

2524 

1064 

1709 

T9 

3616 

3799 

2278 

2383 

F test 

*** 

** 

*** 

* 

CV, % 

25.9 

21.5 

16.6 

16.4 

LSD (0.05) 

1296 

1015.8 

223.5 

462.2 

F test 

*** 

** 

*** 

* 


LTFT= Long Term Fertility Trial. Trt= Treatments 


Modified Treatments 

The highest grain yield (3799 kg ha' 1 in 201 1/12 and 2383 kg ha" 1 in 2012/13) was occurred in treatment-T9 ie FYM @10 t ha' 1 + N 
@50 kg 50 kg K 2 0, where as application of N: P 2 0 5 : K 2 0 @50:20:0 plus 30 cm stubble incorporation gave the lowest grain yield of 
wheat (1695 kg ha' 1 in 2011/12 and 1085 kg ha' 1 in 2012/12) probably due to absence of K in the treatment (Table 2). This alarms 
situation in farmers’ field where farmers generally do not apply potassium fertilizer in wheat crop. 

Yield Trend of Wheat 

The data revealed that the grain yield of wheat was higher in treatment T9M (FYM 10 t ha' 1 and N and K 2 0 50 kg ha' 1 each which is 
followed by FYM application alone (T9) and the recommended fertilizer dose (T5). The results showed that yield trends of wheat for N 
treatment (T2), NK treatment (T4) and NP treatment (T3) were similar to the control (no-fertilizer) by end of 35 years of the experiment 
(Figure 1,2 and 3). 


7000 - 
6000 



2004 2005 2006 2007 2008 2009 2010 1011 2012 2013 

Year 


Figure 1. Grain yield trend of long-term application of fertilizers and organic manure on wheat. 
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Year 


Figure 2. EITcct of P addition on grain yield of wheat. 
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Figure 3. Effect of P and K omission on grain yield of wheat. 



Soil Fertility Status 

There was a significant (P<0.05) effect of manures and fertilizers on soil pH, soil organic matter, N content, available P and 
exchangeable K At harvest of wheat crop, soil pH was improved in T9 (7.87) from the application of farm yard manure as compared to 
originaf (8 0) and significantly (P< 0.05) higher SOM (4.12%) was obtained by applying the FYM and inorganic fertilizer which was 
ZSX S5, the application of FYM alone (4.10K) (Table 3). Similarly, significantly <«O.OS) higher so,. N content was 
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obtained from the combined application of FYM (0.16%) but it was similar to the application of FYM plus chemical fertilizer (N and 
K 2 0) and it was the lowest (1.13%) in control plot (0.8 %). 


At the end of 35 years experiment, the highest soil available P of 503.5 kg ha ' 1 was occurred in the plots applied with FYM, while the 
lowest available soil P of 1 1.5 kg ha ' 1 was in the control plot. Similarly, exchangeable K was significantly (/*<0.05) higher (137.8 kg ha' 
*) with N and K->0 which was at par with the application of FYM alone (1 17.1 kg ha 1 ). The soil analysis data showed an improvement 
in soil pH (7.8), soil organic matter (4.1%), total nitrogen content (0.16%), available P (503.5 P 2 O 5 kg ha ') and exchangeable K (1 17.1 
K 2 0 kg ha' 1 ) in FYM applied treatments over all other treatments. 


Table 3. Soil chemical properties affected by organic & chemical fertilizers NWRP, Bhairahawa, Nepal 


Treatment 


pH 

Original 


Modified 


Organic matter (%) 
Original Modified 


Nitrogen (%) 

Original Modified 


P2O5 (kg ha") 

Original Modified 


K 2 0 (kg ha 1 ) 

Original Modified 


T. 

T 2 

T 3 

t 4 

Ts 

T 6 

t 7 

t 8 


8.25 

8.25 

8.16 

8.23 

8.21 

8.20 

8.23 

8.18 


8.11 

8.18 

8.17 

8.14 
8.16 
8.21 
8.17 

8.15 


1.27 

1.67 

2.15 

1.67 

2.30 

2.15 

2.02 

2.06 


1.89 

2.18 

2.33 

1.89 

2.39 

1.65 

2.13 

1.86 


0.08 

0.09 

0.10 

0.09 

0.11 

0.10 

0.10 

0.10 


0.09 

0.10 

0.11 

0.09 

0.11 

0.09 

0.10 

0.93 


11.5 

11.7 

93.7 

14.7 
44.4 

10.7 
12.3 
38 


123.8 

50.0 
70.5 

40.8 
57.2 

34.0 

28.8 
34.4 


94.3 
76.0 
34.9 
103.4 
71.5 

62.3 
76.0 
71.5 
117.1 


117.1 

80.6 

76.0 

53.2 
103.4 

62.3 
66.9 
76.0 
137.8 


F-test 

*+ 

Ns 

*** 

** 

*** 

** 

*** 

*** 

* 

* 

LSD (0.05) 

0.16 

_ 

0.89 

0.99 

0.03 

0.03 

45.63 

49.86 

40.57 

40.67 

CV, % 

1.1 

1.1 

23.9 

25.2 

14.7 

15.8 

32.1 

30.8 

29.8 

28.4 

Initial (1978/79 
AD) 

8.0 


1.025 


0.088 


9.8 


126 



***. ** and * denotes significant at 0.1%, 1% and 5% level of significance respectively and Ns stands for non significant 
LTFT= Long Term Fertility Trial 


DISCUSSION 

Soil fertility and plant nutrient management are key issues to be addressed to understand the reasons for declining crop yields. After 35 
years of the experiment, significantly (P<0.05) higher yield of wheat was found in T5, T9 and T9M as compared to other treatments 
(Figure 1). There was fluctuation in grain yield of wheat which could be due to variation in rainfall, temperature, moisture in general 
during crop growing period. There was very low grain yield in all P missing treatments (Tl, T2, T4, and T7) (Figure 1, 2 and 3). This 
shows P is one of the most limiting factors for wheat crop. In all treatments in which one or more primary nutrients were lacking, 
resulted decline in wheat grain yield. This finding was similar to many other studies earlier reported (Dawe and Dobermann 1999, 
Hobbs and Morris 1996). These implying either the changes in biochemical and physical composition of soil organic matter (SOM) 
might resulted in gradual decline in the supply of soil nutrients to crop due to inappropriate fertilizer applications causing nutrient 
imbalances (macro and micro) (Paroda et al 1994). 

The grain yield of wheat was found higher in T5 (100:30:30 - R and 100:40:30 - W) followed by T 6 (100:0:0 - R and 100:40:30 - W). 
The significant (P<0.05) differences in grain yield were seen between the N: P 2 0 5 : K 2 0 and N: P 2 0 5 treatments, indicating that the yield 
reductions in this experiment were also due to the K deficiency. With the increase in K level, there was increase in the grain yield of 
normal wheat (Figure 4). 

Proper use of chemical fertilizers and organic manures supports increased agricultural productivity and at the same time, helps maintain 
soil fertility (Garni and Sah 1988). Similar results have been revealed in present study. The results showed that neither the present dose 
of N: P 2 0 5 : K 2 0 nor FYM can sustain productivity in such system. These results corroborate those of Flinn and De Datta (1984), who 
reported a yield decline under the full recommended dose of fertilizer. In many fertilizer experiments, Nambiar and Abrol (1989) have 
also found a declining trend with adequate NPK. FYM alone could not supply N and K requirement of wheat crop. The yield increase 
with the modified (T9M) possibly resulted from replacement of the original (T9) due to balance dose of N: P 2 0 5 : K 2 0 and other 
micronutrients contained in FYM. 

In the long run, soil fertility is not sustained from the balanced fertilizer application alone while application of FYM helps to boost up 
crop yield (Lai and Mathur 1989, Kabeerthumma et al 1993) and improve physical soil status (Lai and Mathur 1989b, Kumar and 
Tripathi 1990). Declining yield trend at lower N level over the years may indicate the diminishing supply capacity of soil. The single 
greatest cause of declining crop production is unbalanced fertilization (Rattan and Singh 1997). Unbalanced fertilizer application has led 
to a chronological emergence of macronutrients such as phosphorus and potash (P and K) and micronutrients such as zinc, sulfur and 
manganese (Zn, S and Mn) deficiencies. Even balanced application of macronutrients devoid of organic materials has been implicated in 
the deterioration of the physical, chemical and biological health of soil (Rattan and Singh 1997). 

Our findings also showed that the regular application of FYM might significantly increase the available phosphorus, total nitrogen and 
carbon contents in the soil but not the potassium level (Table 3). The five-year long-term experiment clear showed that the 
recommended chemical fertilizer dose of 100:40:30 (N: P 2 0 5 : K 2 0) kg ha " 1 for wheat crop seems to be inadequate for boosting yield and 
soil productivity. Long-term application of FYM @ 10-tons ha " 1 was found to enhance its yield and increased the soil nutrients content 
in the soil. Balanced application is considered a sustainable way of enriching soil and hence restoring its fertility over time 
(Bhattachryya et al 2015). Similar long term fertility experiments showed that depletion of soil nutrients caused by years of intensive 
cropping is a common feature that appears to contribute to the observed yield decline (Regmi 1996, Yadvinder-Singh et al 2000). In 
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addition to mining of nutrients, there is some evidence of changes in the availability of nutrients to the plant. In most rice-wheat 
experiments, the soil organic matter declines over time, but, it is not only the decline per season; there may also be changes in the 
chemical composition of organic matter (Oik et al 1996, 1998, Bronson and Hobbs 1998) that influence the capacity to supply nutrients 
to the plant. A sustainable fertilizer management strategy must ensure high and stable overall productivity and sufficient nutrient supply 
for potential yield increases. 

The control plot with an indigenous nutrient supply only supported wheat yield of 277 kg ha' 1 in long term experiments of rice-rice- 
wheat system (Figure 1). FYM alone could not supply N and K requirement of wheat crop. The increase in wheat yield was observed 
due to the application of 50 kg ha' 1 both N and K : 0 to FYM treatment. The lowest grain yield of wheat may be due to absence of 
potassium in the treatment. This alarms situation in farmers’ field where farmers generally do not apply potassium fertilizer in wheat 
crop. The soil analysis data showed an improvement in soil pH, soil organic matter, total nitrogen content, available phosphorus and 
exchangeable potassium in FYM applied treatments over all other treatments. Declining yields and soil nutrient balance in a long-term 
rice-rice-wheat study suggest depletion of soil potassium (K) and P fertilization seem to be primary reasons for limited and declining 
crop yields. The findings showed that the productivity of the wheat can be increased and sustained by improving nutrient through the 
integrated use of organic and inorganic manures in long term. 
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APPENDIXES 


Appendix 1. Rating chart of soil values to determine the fertility status of experimental soil 

Nutrient 

Low 

Medium 

High 

Available N (%) 

<0.10 

0.1 -0.2 

>0.2 

Available P:Os (kg/ha) 

<30 

30-55 

>55 

Available K:0 (kg/ha) 

<110 

110-280 

>280 

Organic matter (%) 

<2.5 

2. 5-5.0 

>5.0 

pH 

<6.0 (Acidic) 

6.0-7. 5 (Neutral) 

>7.5 (Alkaline) 


Source: Khalri C'hettri 1991 and Jaishy 2000 


Appendix 2. Plant height, productive tillers/m 2 , 1000-grain weight, straw yield and grain yield of wheat in LTFT conducted at NWRP, 
Bhairahawa, 2011/12 


Trt 

Plant height, cm 

Tillers/m 2 (n) 

1000-grain w eight (g) 

Straw yield (kg ha' 1 ) 

Grain yield (kg ha' 1 ) 

Original 

Modified 

Original 

Modified 

Original 

Modified 

Original 

Modified 

Original 

Modified 

Ti 

66.33 

100.87 

187.7 

220.3 

30.53 

42.40 

1722 

7611 

425 

3278 

T : 

59.87 

93.20 

167.3 

225.0 

23.07 

38.75 

1389 

6778 

1218 

1865 

T, 

91.77 

87.80 

237.3 

214.3 

35.73 

32.73 

6389 

5222 

1582 

2124 

t 4 

64.90 

96.47 

206.3 

255.3 

29.20 

37.07 

1722 

7389 

513 

3176 

t 5 

94.70 

99.47 

229.7 

234.3 

36.87 

41.57 

6389 

7389 

2622 

3348 

t 6 

94.13 

95.10 

237.3 

230.0 

40.40 

38.13 

6222 

6444 

2612 

2808 

t 7 

60.90 

83.03 

163.3 

221.3 

26.33 

35.47 

1278 

3444 

386 

1695 

Ts 

81.87 

92.37 

199.0 

230.7 

31.00 

41.07 

3500 

4778 

1707 

2524 

T 9 

97.53 

100.03 

228.0 

239.7 

44.07 

45.33 

8167 

8833 

3616 

3799 

P 

*** 

** 

** 

Ns 

*** 

** 

*** 

*** 

*** 

** 


CV, 

LSD 


4.4 

6.032 


5.0 

8.237 


10.8 

38.71 


12.1 

48.36 


7.0 

3.986 


8.1 

5.519 


14.1 

997.4 


13.6 

1510.4 


25.9 

1296 


21.5 

1015.8 


LTFT= 


and * denotes significant at 0.1 V 1% and 5% level of significance respectively and Ns 
Long Term Fertility Trial. GY= Grain Yield, 1 rt= Treatments 


stands for non significant 


Appendix 3. Plant height, productive tillers/m 2 test weight, straw yield and grain yield of wheat per hectare in LTFT conducted at N’W RP. 
Bhairahawa. 2012/13 


Trt 

PH 


spikes/m 2 


1000-grain wt. 

Biomass 


Grain yiel 

d (kg ha 1 ) 


Original 

Modified 

Original 

Modified 

Original 

Modified 

Original 

Modified 

Original 

Modified 

T, 

T : 

T, 

t 4 

Ts 

t 6 

t 7 

Ts 

Tu 

65.00 

58.00 

66.67 

59.67 

82.67 
83.33 

55.67 

84.67 

90.00 

91.33 

83.67 

84.44 

83.67 

91.67 
82.00 
77.00 

89.67 

95.67 

144 

163 

134 

130 

205 

171 

132 

156 

215 

176.7 

207.3 

196.0 

180.0 

179.7 

161.7 

183.3 

221.3 

220.3 

28.81 

25.27 

19.81 

30.14 

31.00 

27.79 

27.19 
27.07 

38.19 

32.48 

26.29 

27.36 

28.23 

30.17 

27.42 

25.99 

31.92 

30.77 

1111 

889 

1278 

1000 

3778 

3444 

889 

2556 

6000 

4389 

4000 

4278 

43.89 

6944 

3278 

2878 

3711 

6600 

277 

370 

333 

370 

1325 

1205 

362 

1064 

2278 

1793 

1521 

1538 

1682 

1899 

1418 

1085 

1709 

2383 

F-test 
CV, % 
LSD 

*** 

4.4 
s ai 

** 

3.1 

4.64 

** 

16.3 

45.51 

Ns 

17.0 

56.40 

*** 

7.2 

3.55 

Ns 

9.2 

4.63 

*** 

11.5 

462.0 

Ns 

33.9 

3351.7 

*** 

16.6 

223.5 

* 

16.4 

462.2 

***. ** and 

* denotes significant at 0.1%, 1 

° 0 and 5% level of significance 

respectively and Ns stands for non significant 





LTFT= Long Term Fertility Trial. Trt= Treatments 
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ABSTRACT 

Experiments on soybean ( Glycine max L. Meril) were carried out aiming to control anthracnose (pod blight) caused by fungus. Collerorrichum 
truncatum with five treatments represented by different fungicidal sprays against control receiving no spray with three replicates of each under 
field conditions during two consecutive years from 2012 to 2013. In 2012, the higher Percent Disease Control (PDC) and Percent Yield 
Increase (PYI) were estimated in plot treated with SAAF (Carbendazim 12% - Mancozeb 63%) followed by Mancozeb fungicides. The mean 
Pod Infection (PI) was low in plots treated with SAAF followed by Mancozeb. Almost similar trends of disease control were observed in 2013. 
The lower Percent Disease Index (PDI) was 46.25% and mean PI was 29.67% with higher yield value of 2431.25 kg ha obtained from the plots 
sprayed with SAAF then by Mancozeb. The results showed that, the combined treatment with fungicides. SAAF followed by Mancozeb were 
effective to control anthracnose or pod blight disease of soybean to increase the yield. 

Key words: Anthracnose. fungicides, pod blight, soybean 
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INTRODUCTION 

Soybean ( Glycine max L. Merril) is an important summer legume of mid hill, grown as an intercrop with maize or in paddy bund that 
occupies about 80% in terms of total soybean area and production in Nepal (GLRP 2012). Soybean occupies an area of about 24934 ha 
with total production of 29221 mt with an average productivity of 1172 kg ha (MoAD 2013), which is far less than global average 
productivity of 1.712 tons ha (Masuda and Goldsmith 2008). For poor productivity prevailing diseases are one of the main reasons in 
Nepal. It is known that more than hundred pathogens affect soybean crop, some of them causing 10-12% yield losses (Mittal et al 1993). 
Among those Anthracnose disease caused by Colletotrichum truncatum in soybean is one of the most important seed-borne fungal 
pathogens appears late in season on stem, pods and seeds (GLRP 2011). The disease causes reduction of seed germination, seed quality 
and severe yield losses may occur in warm and humid regions of tropics and subtropics (Sinclair 1989) where soybean production is 
presently expanding. 

In India, anthracnose is considered the most serious soybean disease (Khare and Chacko 1983). In the southern United States, this 
disease caused estimated yield losses ranging from 0.1 to 7.0% in the growing seasons (Koldenhoven et al 1983, Mulrooney 1985, 1986. 
1988). Estimates of maximal seed yield reduction to anthracnose ranged from 16 to 26% in susceptible cultivars in Alabama (Backman 
et al 1982). Yield losses of 30 to 50% were reported in Thailand and 100% in India (Sinclair 1989). 

Although several soybean lines were rated as resistant to the pathogen, no germplasm accessions tested so far have been shown to be 
immune (Manandhar et al 1988). C. truncatum is seed-borne and seed-transmitted disease which might cause systemic infection 
(Neergard 1979). The pathogen over-winter in crop debris (Athow 1973, Sinclair 1989) and several weed species may also serve as 
sources of inoculums (Hartman et al 1986, McLean and Roy 1988). Management of plant disease successfully achieved through 
application of chemical fungicides. Although, pod blight in soybean results in severe yield losses, however, very few works with respect 
to disease management have been carried out to cope of this disease in Nepal. So, the present experiment was undertaken to evaluate 
efficiency of available fungicides in market against soybean anthracnose disease under field conditions. 

MATERIALS AND METHODS 

The experiments were conducted during summer of 2012-2014 at Grain Legumes Research Program. Rampur. Chitwan by laving out in 
a well managed piece of land using Randomized Complete Block Design having five treatments with different fungicides against one 
control with four replicates of each. During soybean season, a susceptible variety Ransom was planted on second week of July in a unit 
plot size of 3m x 2m and 50 cm x 10 cm spacing. The fungicides were Dithane M-45 (Mancozeb 75% WP) @ 2.5 g/1, Krilaxvl (Metalaxyl 
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8%+ Mancozeb 64% WP) @ 2 g/1. Bavistin (Carbendazim 50% WP) @ 2g/l, Blitox-50 (Copper oxy chloride 50% WP) @ 3 g/1 and 
SAAF (Carbendazim 12% + Mancozeb 63%) @ 2.5 g/1. 

After completion of the sowing, the plots were kept under constant supervision from sowing to harvest. Agronomic practices were followed as 
recommended. First spray was given just after the appearance of disease symptom in the field. Three sprays were given at an interval ot 
15 days. Data were recorded before every spray using 1-9 scoring scale on 5 randomly tagged plants/plot. The control plots received no 
fungicides. Percent Disease Index (PDI) was computed according to the formula (Wheeler 1969) and calculation was based on the final 
data recorded at 1 5 days after the last spray. 

Percent Disease Control (PDC) was calculated on the basis of the formula developed by Shivankar and Wangikar (1993). Early Plant 
Stand (EPS) and Final Plant Stand (FPS) were recorded. At harvest, data on total number of pod per plant, number of infected and 
healthy pods. 100 seed weight and seed yield were recorded with yield data presented in terms of hectare. Yield increase over the 
control was calculated. All data were analvzed statistically using MSTAT-C computer package program. Treatment means were compared 
using Least Significance Difference (LSD) and Duncan’s Multiple Range Test (DMRT) at 5% levels of significance. The correlation among 
percent yield increased over control and percent disease control was calculated. 

RESULTS 

Efficacy of Fungicides In-vivo 

The lower PDI with a value of 42.53% was recorded in plot treated with SAAF. The second most effective 47.25% of PDI was occurred in 
Mancozeb treated plants, while and highest value of 73.57% was in control. Final plant stand was also noticed higher in plot treated with 
SAAF in 47.25% while 45.75% in plots treated with Mancozeb. In SAAF treated plot the Percentage Disease Control ( PDC ) and Percent 
Yield Increase (PYI) were 42.19% and 108.69%. respectively followed by Mancozeb compared to control plot. The mean Pod Infection 
Percentage was noticed lower with a value of22.31% in plot treated with SAAF followed by Mancozeb with 23.04% of value (Table 1). 


Tablet . Effect of fungicides on pod blight disease severity and yield perfomiance of soybean at Rampur. Chitwan. Nepal in 20 1 2/1 3 


Treatments 


PDI 


Pod / 


Final 


Yield 


HSWT PI 


PDC 


SAAF (2.5g/l of water) 
Mancozeb (2.5g/l of water) 
Kxilaxyl (2g/l of water) 
Blitox-50 (3g/l of water) 

Bav istin (2g/l of water) 
Control 


CV,% 

LSD (0.05) 


PYI 


Stand 

(%) 

plant 

Stand 

Kg/ha 

_jg> 

(%) 

(%) 

(%) 

50.25 

42.53 c 

51.50“ 

47.25“ 

1500.00“ 

15.45“ 

22.31" 

42.19 

108.69 

46.75 

47.25 c 

48.50* 

45.75 * 

1302.08 b 

14.62 1, 

23.04" 

35.77 

81.16 

51.50 

59.40 b 

45.25 1, 

41.75* 

iooo.oo-* 

13.44" 

33.59 s -' 

19.26 

39.13 

46.50 

48.60 c 

47.50 b 

42.75* 

1062.50 c 

13.97c 

32.82 c 

33.94 

47.83 

42.75 

68.62“ 

32.00 c 

40.00 K ' 

864.58 d 

13.27" 

38.76 b 

6.73 

20.29 

51.25 

73.57“ 

25.25" 

34.00 c 

718. 75 e 

12.4P' 

73.92“ 



12.40 

8.73 

5.71 

10.37 

7.81 

1.17 

9.93 




7.46 

3.58 

6.55 

126.42 

0.24 

5.60 

n f 

Yi'iiACia I ii.l* 


Means in column with same superscript is no, significantly (P<0.05) different by DMRT (Duncans Multiple Range Test). PDI- 

Stand Plot. Yield (Kg/hal - Grain yield in Kilogram per hectare. HSWT (gm) - Hundred Seed Weight m gram. Pl% - Mean pod mfeet.on percentage. PDC - Percent Disease 
Control. YI - Yield Increase, g/lt - Gram per litre 


Relationship between Percent Disease Control (PDC) and Percent Yield Increase (PYI) 

In vear ">013 the trends of disease control and yield observations were almost similar comparing to previous year. The PDI. number of 
pods pe; plant, final stand, yield. 100 seed weight and mean pod infection were significantly (P«L05 ) varied with the treatment The 
lower (4625%) PDI was recorded on plots sprayed with SAAF, the values increased when treated with Mancozeb having a value ot 
53 42% and then others. The maximum Mean Pod Infection percentage of 75.94% was recorded in control plot, while minimum m 
SAAF treated plot having a value of 29.67% and then in plot treated with Mancozeb (with a value of 33.15,o). respectively. The yield 1 1 
2431.25 ke/ha P and seed weight of 13.52 g/100 were also significantly (P<0.05) higher in plots treated with SAAF and then bv 
Mancozeb'sprayed plots. The lower yield was recorded from control plot (743.75 kg/ha) (Table 2). 

A linear negative correlation between yield and PDI was observed representing the best fit having R‘=77% (Figure 2). Obv-iously the 
^eld^ecreased^fo the increase in Percent Disease Index (PDI). The linear correlation between PDC and PA I showed positive 
correlation (R : = 0.796) (Figure 1) showing that control in disease enhance the yield. 

Table 2. Influence of fungicides on pod blight disease severity and yield perfomiance of soybean at Rampur. Chitwan during 2013/14 


Treatments 


Early 

Stand 


PDI 

(%) 


Pod / 
plant 


Final 

stand 


Yield 

kg/ha 


HSWT 

JfiL 


pi 

% 


PDC 

J%L 


PYI 

(%) 


SAAF (2.5 g/1 of water) 
Mancozeb (2.5 g/1 of water) 
Krilaxyl (2 g/1 of water) 
Blitox-50 (3 g/1 of water) 
Bavistin (2 g/1 of water) 
Control (Untreated check) 
CV, % 

LSD (0.05) 


147.25 

153.75 
168.50 

169.75 

176.25 
158.00 


46.25 d 

53.42 c 

54.22 c 

53.58 L 

65.07 b 

73.57 a 


48.90“ 

46.07“ b 

43.42 bc 

45.25 abc 

41.97 c 

34.00 d 


149.00 a 
139.50 b 
131 .75 c 
134.00 bc 
128.50 c 
107. 75 d 


2431.25“ 
1522.06 b 
1 430.3 l d 
1477. 19 c 
1373.55* 
743. 75 f 


13.52“ 
12.60 b 
1 1.65 c 
12.50 b 
11.49 c 
9.38 d 


29.67 b 
33. 1 5 b 
35.71 b 
34.04 b 
36.2 l b 
75.94“ 


37.13 

27.38 

26.30 

27.17 

11.55 


226.89 

104.64 

92.31 

98.61 

84.67 


9.04 


4.01 

3.48 


5.52 

3.60 


2.93 

5.82 


1.59 

35.86 


1.91 

0.34 


18.34 

11.28 


Control, YI- Yield Increase. 
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Figure 1. Relationship between PDC and PYI of fungicides used in soybean anthracnose. 

DISCUSSION 

Chemical treatment is one of the most recommended methods used for plant disease management. The present experiments with 
various available chemicals on Soybean crop for two consecutive years clearly showed low Percent Disease Index (PDI) and higher 
yield from the plot treated with SAAF (Carbendazim 12% + Mancozeb 63%) @ 2.5 g per litre of water comparing to control. This 
findings is in close agreement with Chakraborty and Shyam (1988) and (Ghawde et al 1996), who showed that fungicide Carbendazim 
was inhibitory to the Colletotrichum Undemuthianum causing anthracnose to French bean, C. tnincatum The fungi Colletotrichum 
graminicola and C. capsici cause blight in bitter gourd (Singh and Dwivedi 2002, Dubey and Ekka 2003) while, C. gloeosporioides 
causes anthracnose in mango (Kumar et al 2003). Application of fungicides to control anthracnose disease of soybean reduces the yield 
losses (Backman et al 1982). Efficacy of fungicides in controlling anthracnose disease and increasing the yields were reported earlier 
(Khare et al 1972, Chaudhary 1977, Palarpawar and Ghurade 1989, Kumar and Mukhopadhyay 1990, Bhardwaj and Thakur, 1991, 
Shukla and Singh 1993, Dubey and Ekka 2003, Ekbote 2005). 

It is clear that soybean sprayed with fungicides had lesser disease severity with increase in yield than untreated ones. The SAAF and 
Mancozeb @ 2.5 g/l of water were found best among the sprayed fungicides. The lesser percent disease index, lower mean pod infection 
percentage along with the higher yield and 1 00 seed weight was found from the plot applied with SAAF followed by Mancozeb. It is 
recommended that soybean field should be sprayed by SAAF @2.5 g/l of water twice at vegetative and pod formation stage against 
anthracnose/pod blight disease for maximum yield with the reduction of disease severity. 



Figure 2. Relationship between Percent Disease Increase (PDI) and yield of soybean. 
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ABSTRACT 

Wheat ( Triticum aestivum L.) is one of the major cereal crops and staple food sources in Nepal. WTieat varieties being popular in mid hill 
regions are still in the early stages of adoption. Identification of appropriate date of seeding plays important role in enhancing the adoption rate 
ensuring the sustainable production. Therefore, three dates viz 15 th November. l s ‘ and 15 L ‘ December for seeding and twenty eight wheat 
genotypes were evaluated in a split plot design with two replications for two consecutive seasons in 201 1/12 and 2012/13 at an altitude of 2200 
masl of eastern Nepal. The results showed genetic differences and interaction effect of genotypes with the dates of sowing on grain yield, 
panicle length and effective tillers per square meter. The wheat sown on 1 st December showed the highest yield as compared to other sown 
dates. Similarly, WK1907. WK1911, WK1803, WK1915, WK1909, WK1714 and WK1803 produced highest yield among the tested genotypes 
with retaining maximum number of effective tillers and posed suitable maturity across all sowing date. 

Key words: Genotypes, planting date, wheat, yield 

TT^ HMMcHT yTtfi <3T* T V R TOfr FT I TOT TORTO ^ TO =TT*n TT TTOT TTTO5 I TOTTORRTOT. TO^ =ii<Wi TOTTOTO TOR 

7 jTTRTO 3RR7 TOR TOTO^ TO^ I TOTOTO, ifTO TOR 7 TOR snjTOTTOTO TTOR infTO W^TTOFT TOTTiR TOT TO?riFT cpfr TOTTTO f?R TOFT TO TOR^ I 

TOFT TOR TOFTT TORT *fl^ilITOF 3RTOT TORT TORTOTO "sfTO TOTORT TOTFRRRT TOT^t TOFR TTOR 7FT7T TOTOTO TRTR TTOTO ehMMU W 

TO FRyT jIMehl^l TORT TOR TOT TOR TOTOTTORT TTOTTORT ^RTOFRT TOTOR I tfT TOl TORTOTOfr FTfTOTO TO^ TTTO 3RTO T< RTOTO 7 . <1 RTOTO 7 

TOTOT TORTO TOTF ^Hd TO? fTOTTOTOT PR TfTORTOT faftriFT TOR 70^ 7 TOT 3PJTOTOJR TO? TOT7#TTOTTOTO 3^00 

R?7 TORF TOTOTOTR 3RTTOTO T^TTOT RTOT I TO TORT TOTOFR TOQRTT TO*T5TTOTO TOTpTO TOTPR RRTOT 7 foffTOR TTORTOT TOTOTTO 

sIM I ehl TOTOTf, HHTO*1 TOW 7 TOTOTOTOT 3TT?JTfTO TO5TTOTO TOfr TOTOTTOT TOTT 'l RTOTOTOT yptJTO TO?TTO TORTO TO5TOTOT TO^TORT TOir 3 ^ 1 *^ 
WK1907. WK1911, WK1 803, WTC1915, WTC1909, WK1714 t WTC1803 TORT fro^FT TO^fr i 


INTRODUCTION 

WTieat is third most important major staple food crop in Nepal. The wheat crop supplements 20% of food calories contributing food to 
36% of the global population. Productions of wheat crop in the country' have reached approximately 1883147 mt from 754474 ha of 
cultivated land with 2.496 t/ha yield (ABPSD 2013/2014). The national statistics shows that the average productivity* of w heat in eastern 
hills was about 2.44 t/ha w*hich is lesser as compared to other hilly regions and national yield (MoAC 2013). In general, wheat grain 
yield highly depends on w*ater availability, high or low temperatures during the grain filling at maturity and other factors (Gomez- 
Macpherson and Richards 1995. Andaman et al 2014) Thus, the identification of sowing date in relation to wheat genotype is an 
important management option to optimize grain yield potential (Ahmad and Fayyaz-ul-Hassan 2015). 

Moreover, cold temperature related sterility 5 * is the major reason behind the yield loss where proper adjustment of planting date failed 
(Sthapit 1988). According to NWUP (2013), a delay of fifteen days from 21 st November might reduce the wheat production by 20 to 
30%, implying that, identification of the appropriate sowing date to plant wheat genotypes in specific agro-ecological conditions has 
high implication associated with sharp vertical gradients under mid hill condition of the country 5 . Therefore, the present experiments, as 
w*e have aimed possess high importance to find out appropriate sowing dates in association with suitable genotypes in the mid-hill 
environment. 

MATERIALS AND METHODS 

Field experiments were laid out during the wheat production seasons in 2011 to 2013 at Agricultural Research Station, Pakhribas. 
Dhankuta, Nepal located at 2200 masl using split plot design with two replications. Three different seeding dates (15 th November, I s1 
December and 15 th December) w*ere used as main-plot and 28 genotypes w*ere placed as sub plot factor. The genotypes comprised of 
wheat advanced lines from Khumal series, facultative wheat genotypes namely, 1 8 th FAW'ONN 222 and 1 8 th FAW r ONN 246, whereas 
WTC1204 was used as popular check variety common to the mid-hill condition of Nepal (NWRP 2013). All the genotypes were obtained 
from Agriculture Botany Division. 
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The fertilizers were applied at the rate of 100: 60: 40 kg N: P 2 0 5 :K 2 0 (Nitrogen: Phosphorus: Potassium) ha' 1 and the seed rate was 120 
kg ha" 1 . All other agronomic practices, e.g. method of planting, seeding rate, planting depth, weeding and harvesting were kept constant 
for all treatments. The experimental plot consisted of 6 rows of 2 meter long where continuous seeding was done manually. Ten plants 
from each plot were randomly selected to record the data for plant height and spike length. Similarly, yield was computed by weighing 
the weight of seeds per spike from four rows of each plot. The major measured traits were number of effective tillers per square meter, 
maturity days and yield. The number of effective tillers per square meter was calculated by counting tillers during the harvest from one 
square meter while maturity days were calculated by counting the days between dates of sowing and date to 95% physiological maturity. 
The plants were harvested and measured separately from different sown date and traits; and computed using M-STAT Software. From 
the used parameters, mean, coefficient of variation (CV), least significant difference of mean and probability value were calculated. 

RESULTS 

The levels of significance for different factors and their interactions for various measured traits were presented in Table 2. The analysis 
of variance showed that the mean squares for genotypes in all dates of sowing were significantly (P<0.05) different for yield (t/ha), 
number of tillers per square meter and maturity days indicating the existence of genetic variability (Table 2). 

Moreover, number of tillers per square meter and yield (t/ha) were significantly (PO.05) different at 1% level of significance among 
genotypes over the years. The general trend showed that 10 to 12 average day’s diminution for number of days to 95% maturity with 
every week delayed in planting lime (Table 2). 

The wheat sown on l sl December yielded 308 tillers per square meter which was the highest among all, followed by sown on 15 lh 
November with 295 tillers per square meter. The wheat seeded on 15 lh December produced the lowest 274 tillers and minimum yield of 
grain 5.54 t/ha (Table 2), while seeded on 1* December yielded the highest 6.82 t/ha grain. Similarly, crop sown on the first date (15 lh 
November) took the highest number of days for maturation, comparing to the wheat sown on other second and third dates. 

In comparison among the genotypes, WK1914 produced 394 tillers per square meter followed by WK1902 with 388 tillers per square 
meter. In addition to" this, genotypes WK1905, WK1915, 18 lh FAWWON222, WK1713, WK1906, WK1901 and WK1907 produced 
more number of effective tillers per square meter with additional advantage of medium maturity days (Table 2). Among the genotypes, 
WK.1723 was earliest in maturity (161 days) (Table 2). Genotypes WK1714, WK. 1902, WK 1803 and WK 1723 produced higher grain 
yield among all sowing dates with 8.07, 7.66, 7.42 and 7.36 t/ ha' 1 , respectively. Besides them, genotypes WK1907, WK1911, 
WK1915, WK1909 and WK1712 gave stable yield in all seeding dates. 

DISCUSSION 

The result showed that the wheat genotypes sown on 1 st December had highest yield with highest number of mean tillers per square 
meter than wheat sown in other dates, in general (Table 2). Our findings showed that wheat sowing can be recommended on around 1 
December in high hill localities similar to that of the present experimental site. Similar to the present finding Subedi et al (1985) showed 
that wheat seeded on 6 th December gave maximum yield in mid hill conditions of Nepal. The cumulatively results might imply with 
increasing altitude probably the wheat should be sown little earlier than approximately in late November, The early (15 November) and 
delayed ( 15 lh December) seeded wheat in present experiments could not exceed the yield ot the 1 st December. This could be due to yield 
loss associated with delayed or early sowing inappropriate for the specific mid hill location environmental interaction with the 
genotypes used. Since the yield is associated with the number of tillers, it has been found that number of tillers per unit area could be 
affected substantially in early or delayed seeding (Sharma and Garg 2002). 

In general, similar results has been obtained elsewhere in late planted wheat because ot the problem ot field drought that hamper the 
production of tillers; and thus to the yield (Mohammad et al 2003). The delayed sown wheat produced low number ot effective tillers 
per square meter probably due to drought and rise in temperature, as the plant faces increasingly w'arm temperature especially towards 
the maturation period, w'hen plant start to enrich the grains. In present experiment the low number ot tillers and yield in delayed sown 
wheat might be due to warming air temperature at the end of February, when day length inclined to be lengthen supporting rise in air 
temperature. 

The genotypes WK1905, WK1914, WK.1902, WK.1915, 18TH FAWWON222, WK1713 WK1906, WK1901, WK.1714, WK1803 and 
WK1907 had produced more number of effective tillers m"~ (Table 2). The tiller numbers contributes in one or another way to grain 
yield (Bassu et al 2010). The higher number of tiller bearing trait could be one of the important characteristics for wheat improvement 
(Subedi et al 1985), because higher number of tillers favored more adaptation and production comparing to low tiller bearing genotypes. 
Therefore, tillers per square meter would be the most appropriate traits to be utilized for the wheat improvement. 

Among genotypes, WK1714 and WK1803 matured in 145 and 162 days, with mean yield of 8.07 (ton/ha) and 7.42 (ton/ha), respectively 
(Table 2). The wheat sown on 15 lh November took higher number of days to mature than comparing to seeded in other dates. This is 
mainly because of cool temperatures persisted, which resulted in slow seedling emergence and slow subsequent development and 
fruiting. Similar observation has been mentioned by Subedi et al (1985) that low temperature resulted in slow vegetative and 
reproductive growth in plants. Since the air temperature is closely associated with the altitude, facing of crop fields to various directions, 
therefore care should be taken to imply the results of present experiments to be generalized elsewhere. More studies on wheat genotypes 
yield attribute at various altitudinal gradients in mid hill and southern terai might be of interest for rapid adoption ot the wheat tarming 
in applicable localities. 

It has been calculated that mean number of days for maturation might be reduce by 12 days comparing to those sown on 15 ,h November 
and I s1 December. An enforced maturity has been noticed to the wheat sown on 15 l December (Table 2). Similar observation has also 
been reported by Sandhu (1993), where duration of reproductive phase such as flowering and maturity were decreased with delaying in 
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seeding dates. The low yield in wheat sown on 15 th November justified that specific timing would be slightly earlier for genotypes used 
for the specific mid hill localities because of persisting low temperature faced by wheat genotypes around December, January and 
February which do not stimulate positive attributes for yield performance in the specified locality. 

The wheat sown on 1 st December were matured in moderate duration comparing to delayed or forced maturity caused either by early or 
late sowing. This timing of seeding probably perfectly coincided with the yield attributes of genotypes used in specified mid hill 
localities. Moreover, this timing also perfectly coincided and fit to rice-wheat cropping system in mid hills of Nepal. Therefore, this 
timing should be recommended for the best yield performance of used genotypes (Table 2) in specific mid hill localities. 

Genotypes WK1907, WK191 1, WK1915, WK1909, WK1714 and WK1803 produced the highest yield along with at par yield to check 
variety, WK1204. maturing in medium duration and yielding highest tillers across the planting dates. Therefore, it is likely, these 
genotypes could be promoted as varieties under eastern mid hill condition of Nepal. Besides that, WK1907, WK1911, WK1915, 
WK1909, WK1714 and WK1803 were more stable genotypes, which could be utilized under advanced yield and subsequent 
promotional trials. In addition, based on present findings it is recommendable that the wheat genotypes preferably should be seeded in 
the first week of December for increased grain production in the eastern hills environments of Nepal. 


Table 2. Interaction of wheat genotypes with different dates of sowing and their combined mean for grain yield (t/ha), number of tillers per 
square meter and maturity days during 2011/2012 and 2012/2013 


Genotypes 


Yield (t/ha) 


Tillers/square meter 



Maturity days 


15 Nov 

1 Dec 

15 Dec 

Mean 

15 Nov 

1 Dec 

15 Dec 

Mean 

15 Nov 

1 Dec 

15 Dec 

Mean 

F-7@-45 

6.97 

8.22 

6.02 

7.07 

317 

255 

268 

280 

176 

166 

152 

165 

WK1712 

7.25 

7.11 

5.13 

6.50 

248 

254 

235 

246 

177 

165 

153 

165 

WK1713 

7.68 

7.60 

5.30 

6.86 

316 

335 

294 

315 

186 

166 

149 

167 

WK1910 

7.10 

8.43 

5.63 

7.05 

239 

246 

206 

230 

182 

166 

169 

172 

WK1906 

3.07 

4.56 

2.30 

3.31 

299 

343 

291 

311 

194 

185 

168 

182 

18 th FAWWON 222 

5.69 

6.10 

5.27 

5.69 

414 

379 

300 

364 

192 

180 

169 

180 

WK1907 

4.77 

5.88 

5.82 

5.49 

283 

342 

240 

288 

199 

183 

168 

183 

WK1905 

5.74 

5.10 

5.08 

5.31 

424 

446 

411 

427 

186 

181 

159 

175 

WK1976 

6.54 

5.75 

5.03 

5.77 

272 

254 

245 

257 

188 

172 

149 

170 

WK1723 

7.78 

7.96 

6.35 

7.36 

222 

288 

249 

253 

168 

164 

152 

161 

WK1901 

7.66 

6.39 

5.96 

6.67 

342 

290 

282 

305 

184 

168 

153 

168 

WK1909 

6.39 

6.78 

6.15 

6.44 

256 

259 

207 

241 

182 

167 

156 

168 

F(5)- 1-1-3 

6.25 

6.08 

6.10 

6.14 

204 

256 

262 

241 

182 

167 

144 

164 

WK1714 

10.1 

8.13 

5.98 

8.07 

307 

217 

205 

243 

173 

169 

169 

170 

WK1904 

7.48 

6.75 

4.92 

6.38 

300 

298 

303 

300 

189 

180 

145 

171 

WK1792 

5.16 

4.92 

4.97 

5.02 

282 

312 

275 

290 

172 

163 

153 

163 

WK1804 

7.64 

7.62 

6.70 

7.32 

289 

324 

234 

282 

175 

172 

155 

167 

WK1204 

8.59 

8.63 

6.41 

7.88 

268 

270 

247 

262 

182 

167 

156 

168 

WTCl 030 

4.67 

5.99 

5.98 

5.55 

276 

291 

278 

282 

186 

172 

158 

172 

WK1902 

8.84 

7.96 

6.17 

7.66 

390 

438 

336 

388 

175 

174 

156 

168 

WK1914 

5.16 

6.30 

5.35 

5.60 

396 

438 

348 

394 

196 

179 

168 

181 

WK1710 

6.20 

7.01 

5.71 

6.31 

252 

276 

236 

255 

182 

163 

150 

165 

18 th FAWWON 246 

6.25 

7.16 

4.49 

5.97 

282 

268 

228 

259 

185 

169 

160 

171 

WK1915 

7.26 

7.10 

4.81 

6.39 

336 

402 

370 

369 

182 

167 

163 

171 

WK1901 

7.06 

6.65 

6.81 

6.84 

185 

260 

249 

231 

182 

167 

154 

168 

WK1803 

8.28 

7.96 

6.01 

7.42 

271 

312 

363 

315 

182 

168 

153 

168 

WK1481 

5.71 

6.17 

5.93 

5.94 

258 

256 

250 

255 

180 

167 

153 

167 

WK1713 

7.65 

6.60 

4.77 

6.34 

331 

303 

259 

298 

182 

167 

154 

168 

CV, % 


17 


21.9 


15.2 


22.3 


2.1 


2.9 

LSD (0.05) 


1.67 


3.2 


71.58 


126.5 


7.26 


9.913 



<0.001 


0.14 


<0.001 


0.85 


0.031 


0.39 
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ABSTRACT 

Three different plant products diets - i) neem (.Azadirachta indie A. Juss) oil mixed diet (neem oil mixed @ 80 ml/kg of normal diet), ii) neem 
seed powder mixed diet (neem seed powder mixed @ 80 g kg of normal diet) and iii) custard apple (Annona reticulata L.) seed powder mixed 
diet (custard apple seed powder mixed @ 80 gleg of nomial diet) were separately fed to mature rats (Rattus rattus) with single dose feeding of 
80 g per pair in a day on 13 th w eek-age during the experimenting years, 2012/013 and 2013/014. In control group only normal diet without 
neem and custard apple constituents were fed. Sterility test of rat was conducted up to 38 and 28 weeks-age in first and second year, 
respectively. The test rats w ere fed normal diet during w hole experimenting periods except the one day when they w ere fed only the neem or 
custard apple mixed diet on the age of 13 th w eek. Efficacy of the mixed diets on rat-sterility was determined based on pregnancy and parturition 
by the rats. The two years' results confirmed that all the tested three mixed diets — neem oil mixed diet, neem seed powder mixed diet, and 
custard apple seed powder mixed diet were effective to stop pregnancy and parturition in rats during wiiole experimenting periods up to 38 and 
28 w'eeks-age with single dose feeding of 80 g per pair (40 gm/rat) in a day on 13 th week-age of the rats: whereas the pregnancy and parturition 
w'ere observed in the rats that were fed only the normal diet. It is expected, neem and custard apple mixed diets can be utilized in reducing the 
economically important rodent populations in rice-wheat cropping system in future. 

Key words: House rat, rat sterility, neem oil, neem seed pow der, custard apple seed pow de r 

wm 

4 i^ ,MI * 7 T T j a TcF nv*A \ %T qf^cFT ^FF*Tf=FF 3TFTRT if*JFFT Hh^'i fq^i -FTT, ^f^lchl fc^ehl cTR' fRSpT ^ I a)j| T&ri qq | cfc | *f * n qFPH 

#1 tO^IOSO 7 ^0v90|0^ ttt f%FTT I TrfT *fFT T tr^r cTFT7*rf<FE fgFTI ^ I TRT rFTT7 F*T ^ FRT 

Ym WF TFTRTT H-HMIS *]- IFF" T^T ft* SO XTFT Jh jfrff ^ 7 i ^TFfn ^F -H«HMlj WRyTMRT ^i l juch l fazfr I 3F* f^T 

SRftFR H/iMis FTSFT TFTT fw I Tfi’SFT cPFT TJ*TeFT T*F 3fT. *. ^Oi^iOvSO TTT Be; T ^OvSO|Ov^ TTT ?c; 

^RTFFT FfrtTcPT fsq^fr I ^T^FFFFT jIN TFTFTT FW TF^TFT T^TTFT SFFTFPT 3TT?JFR f«FTT I qtiehi 

3TTUFRT W TifFTcPT (f^FFFt TFT fa«FT TFIT 'FFRT ** c;0 FT.fFT #T foMHJW 5FTT), f^RFFT faWl Sjrit faspr ^FTT ifawr f^TJ^T 

50 UTR" Tfa feTTOFT BTFTT 7 f^T^T ifFTT ^FTT fq dcr-l sjrif 50 UFT yf* ferifijIR TFfT * 50 XTFT jfl^f ^RTT YO X1TR 

ifTFFT ^ FRT W5FT ft* l^jd+ SFmFF TOTT ** 7 *RFT T ^KH ^ I ^FFR^FF 

qjiK'cr-1 ^FfT wiWT H-nmi FFtf^FT WTT ** W *TTcFT I *T *fr UFT gp n^H %7fr 

W FFF^JT RT T^pfpft ^FFf ^Rqr*?TT I 

INTRODUCTION 

More than 6000 species of rodents are reported worldwide among which 600 species belonging to genus Rattus are called rats (Fall 
1977). Thirty species of rodents (rat and mice) are reported in Nepal out of them five are the economically most important common field 
and domestic rats and mice to damage the agricultural produce in fields and households (Joshi et al, 1991). They are the: house rat 
(Rattus rattus ), house mouse (Afus musculus ), brown rat (Rattus norvegicus), lesser bandicoot rat (Bandicota bengalensis) and large 
bandicoot rat ( Bandicota indica) (Joshi et al 1991). Study on reproductive biology (Shrestha 2001) showed that successful mating of 
house rat was better in spring (90%) and autumn (90%) as compared to summer (80%) and winter (70%). In those studies, gestation 
period of house rat w as 20-23 days; and male and female were sexually matured on 1 1 111 and 13 rl1 week after birth, respectively. 

Enormous losses is caused by rodents in various w ays by - damaging the standing crops and stored products; picking the sown seeds in 
fields, carrying the food materials in their burrows; spoiling the food grains with their excreta, urine and hair; extensive burrowing the 
crop fields, damaging the cloths and weaker storage structures; transmitting the rodent bom diseases to human and pet animals etc (Joshi 
et al 1991, Ghosh and Durbey 2003, Lakshminarayanan et al 2015). In India, postharvest loss due to rodents was estimated to be 25- 
30%. In a 100 x 100 m" godowns, the loss due to rodents could be 4,200 kg estimating that 6 rats can consume the food equal to one 
man (Ghosh and Durbey 2003). 

Rodents mainly the Rattus rattus , Bendicota bengalensis , and Mus musculus are agriculturally more important in Nepal causing the 
agricultural losses up to 15-25% every year (Shrestha 2001). Shrestha (2001) showed that the movement of house rat in rice and wheat 
fields m periphery of houses w^as up to 100 and 150 m, respectively. Yield losses caused by rodents in rice and wheat fields were 
estimated to be 575 kg/ha and 1132 kg/ha, respectively (Shrestha 2001). The total grain loss in storage by rat w'as estimated to be 2996 
mt per year in Kathmandu valley (Shrestha 2001 ). 
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Several methods are available to control rats in fields and households (Joshi et al 1991, Upadhyay et al 1993, ED 1995/96, Mahajan et al 
201 *>) However, in present experiments to minimize the rodent populations in fields and households, we approached method to cause 
sterility in rats by using botanical-mixed diets. For the purpose series of preliminary works were done in the past (ED 2008, Shrestha 
2010, ED 2012). Here, in this paper we elucidate efficacy of some botanical-mixed diets on sterility of house rat. 

MATERIALS AND METHODS 
Preparation of Test Rats 

House rats (Ramis rail, is) were used as lest rats that were collected from the farmers 1 households. They were kept in cages singly for 
three weeks in laboratory condition and were reared by feeding the normal diet and water at Entomology Research Division. Khumaltar, 
Lalitpur, Nepal. After the female rats were recognized not to be pregnant each of them were reared together with a mature male m 
separate cage for 10 davs. The pregnancy of the female rats was checked by pressing the thumb in abdominal cavity The pregnant rats 
were reared singly in separate cages until parturition. The newly bom young rats were reared together with their mother up to -8 days. 
The young rats were then separated from their mother and were reared in pair (1 male and 1 female) or in groups until they get matured 
on 90 days (13 weeks) to be used for sterility test. 

Preparation of Normal and Botanical Mixed Diets 

Neem (Azadirachta indica A. Juss) seeds and Neem oil were collected in July while Custard apple (Annona retie, dale, L.) seeds were 
collected from Auuust to September from local market. These seeds were separately shade dried and crushed into powder. Normal die 
was prepared by mixing the various ingredients at the proportion of 400 g of chicken teed (No: 3), 200 g of whole wheat meal, -00 g of 
SST™. 8 of broken piece, of groundnut. 60 g of skim milk. 20 g of sodium chloride end 20 ml of mnstrt -do. ■ The nonmd 
diet was used for two purposes - one for maintenance & mass production of experimental rats, and another tor control diet to be used as 
a Weatmentfti sterility* test of the rats. The two ingredients - groundnut pieces and mustard oil may not be required for preparing the 
maintenance and mass production diet. 

The normal diet was cooked in boiling water and fed to rats daily for maintenance and mass production. Three different diets -i) neem 
seed 'powder mixed diet (neem seed powder mixed @ 80 g per kg of normal diet), ii) custard apple seed powder mixed diet (custard 
apple seed powder mixed @ 80 g per kg of normal diet), and iii) neem oil mixed diet (neem oil mixed @ 80 ml per kg ol normal diet) 
were prepared for efficacy test on rat-sterility. The four diets (one control/normal and three botanical mixed diets) that were to .be : used 
as four treatments in sterility test were prepared in the form of pellets each ot 10 g dry weight ( .? g o we weigi 

pellet making frames. The wet pallets of 1 1 .5 g were oven dried at 60”C for 5 hours or until to dry. 

Test of Botanical-Mixed Diets on Sterility of House Rat 

Each treatment diet was fed to four pairs (as four replications) of matured rats in a day on 13* ’ I™? 4 

(8 pellets each of 10 g) per pair in laboratory/room condition during the experimenting years 2012/013 

(2070/207 1 ). Each pair ( 1 male and 1 female) was kept in four separate cages as four replications - Cage l. Cage 2 C g 3 dC g ^ 

(Tables 1 , 2. 3. and 4). The experiment was conducted starting from 1 3 week-age and completing on 38 , _ g 

in 1 S1 and '> nii vear respectively The test rats were fed in normal diet during whole experimenting periods except the one day, when they 

were fod onlyfoe Sfoal-mked diet on their ,3* week-age. Rat-sterility was determined based on pregnancy and 

rats. Pregnancy was checked by pressing the thumb in their abdominal cavity weeWy Body weight was also observed 

Parturition was observed based on gestation period regularly. The diet was supplied to rats at 3-4 PM daily. 

RESULTS 

c D us2 in a 

experimenting periods up to 38 & 28 weeks-age ol the rats with sing e ose ce rng o fc ^ the normal diets (Table 4). Tire 

^"PS^^enmtive data of only I* yea, has been P-nted bere. 
All the tested mixed diets were effective to stop birth in rats in both years. 

DISCUSSION 

In preliminary studies (Shrestha 2010. ED 2008) all the thtee 

powder @ 100 g/kg of normal diet, and custard apple seed powder @100 g/kg ot nonnal diet in 200 4/2005 

during whole experimenting periods up to diets that were used in the preliminary works 

and three months in 2005/2006. Later in a study (ED _012) . . , . . . t ti „ Der j 0 d u p to 22 weeks-age when each 

were effective to stop birth in house rat and field rat (Bend, cola ienga/e«5w) durmg g P P botanica i. mixe d diets 

botanical mixed diet were fed @ 80 g per pair daily for two weeks. Present ariy reveale J ^ dose feedin g @ 80 g 

found effective to cause sterility in house rat during whole testing periods up to 38 and 28 weeks age with single 

per pair for one day on 13 lh week-age of the rats. 
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Table 1. Effect of neem seed powder mixed diet on pregnancy and parturition of house rat 


Age in 
weeks 


Cage 1 



Cage 2 



Cage 3 



Cage 4 


Bodv wt (g) 

Preg- 

nancy 

Body wt (g) 

Preg- 

nancy 

Body wt (g) 

Preg- 

nancy 

Body wt (g) 

Preg- 

nancy 

Male 

Female 

Male 

Female 

Male 

Female 

Male 

Female 

13 

100 

85 

no 

90 

100 

no 

140 

90 

no 

130 

120 

no 

14 

105 

90 

no 

100 

110 

no 

140 

90 

no 

130 

130 

no 

15 

105 

100 

no 

100 

115 

no 

140 

90 

no 

140 

130 

no 

16 

110 

100 

no 

105 

115 

no 

150 

100 

no 

130 

125 

no 

17 

105 

100 

no 

110 

120 

no 

155 

110 

no 

130 

130 

no 

18 

130 

120 

no 

150 

130 

no 

160 

130 

no 

145 

150 

no 

21 

150 

120 

no 

150 

150 

no 

170 

150 

no 

150 

150 

no 

24 

170 

150 

no 

160 

160 

no 

180 

160 

no 

160 

160 

no 

25 

170 

160 

no 

165 

160 

no 

180 

165 

no 

165 

160 

no 

27 

180 

165 

no 

175 

165 

no 

190 

170 

no 

180 

165 

no 

30 

185 

170 

no 

200 

195 

no 

200 

175 

no 

200 

190 

no 

32 

180 

165 

no 

210 

190 

no 

200 

185 

no 

190 

180 

no 

35 

190 

170 

no 

220 

200 

no 

220 

200 

no 

210 

195 

no 

37 

190 

180 

no 

220 

200 

no 

210 

200 

no 

210 

210 

no 

38 

210 

190 

no 

225 

200 

no 

210 

200 

no 

210 

210 

no 


Table 2. Effect of custard apple seed powder mixed diet on pregnancy and parturition of house rat 


Age in 
weeks 


Cage 1 



Cage 2 



Cage 3 



Cage 4 


BW (g) 

Preg- 

nancy 

BW (g) 

Preg- 

Nancy 

BW (g) 

Preg- 

nancy 

BW(g) 

Preg- 

nancy 

Male 

Female 

Male 

Female 

Male 

Female 

Male 

Female 

13 

190 

80 

no 

13 

110 

No 

100 

80 

no 

120 

90 

no 

14 

100 

85 

no 

14 

110 

No 

100 

90 

no 

140 

80 

no 

15 

110 

110 

no 

15 

120 

No 

100 

110 

no 

140 

100 

no 

16 

120 

100 

no 

16 

125 

No 

120 

100 

no 

135 

95 

no 

17 

125 

95 

no 

17 

135 

No 

140 

95 

no 

135 

95 

no 

18 

140 

120 

no 

18 

140 

No 

150 

120 

no 

160 

110 

no 

21 

150 

140 

no 

21 

160 

No 

170 

140 

no 

170 

125 

no 

24 

160 

150 

no 

24 

170 

No 

200 

180 

no 

190 

140 

no 

25 

180 

160 

no 

25 

180 

No 

210 

170 

no 

190 

150 

no 

27 

190 

170 

no 

27 

190 

No 

220 

185 

no 

200 

170 

no 

30 

210 

180 

no 

30 

200 

No 

210 

180 

no 

180 

180 

no 

32 

220 

180 

no 

32 

200 

No 

210 

185 

no 

200 

190 

no 

35 

220 

195 

no 

35 

210 

No 

210 

170 

no 

200 

195 

no 

37 

220 

195 

no 

37 

220 

No 

210 

175 

no 

200 

195 

no 

38 

220 

190 

no 

38 

210 

No 

230 

180 

no 

200 

200 

no 

Table 3. 

Effect of neem oil mixed diet on pregnancy and parturition of house rat (2012/013) 






Cage 1 



Cage 2 



Cage 3 



Cage 4 


Age in 
weeks 

BW(g) 

Preg- 

BW' (g) 

Pree- 

BWlg) 

Preg- 

BW(g) 

Preg- 


Male 

Female 

nancy 

Male 

Female 

Nancy 

Male 

Female 

nancy 

Male 

Female 

nancy 

13 

110 

100 

no 

100 

100 

No 

100 

90 

no 

100 

100 

no 

14 

130 

135 

no 

130 

110 

No 

120 

110 

no 

120 

110 

no 

15 

145 

145 

no 

140 

135 

No 

155 

125 

no 

135 

115 

no 

16 

150 

150 

no 

155 

150 

No 

160 

120 

no 

140 

120 

no 

17 

165 

150 

no 

160 

150 

No 

165 

135 

no 

155 

135 

no 

18 

165 

150 

no 

165 

150 

No 

170 

145 

no 

160 

140 

no 

21 

170 

155 

no 

165 

150 

No 

180 

150 

no 

160 

150 

no 

24 

175 

155 

no 

170 

155 

No 

185 

155 

no 

165 

145 

no 

25 

175 

155 

no 

170 

155 

No 

190 

155 

no 

170 

150 

no 

27 

185 

165 

no 

185 

170 

No 

200 

165 

no 

185 

165 

no 

30 

180 

170 

no 

200 

170 

No 

210 

175 

no 

195 

170 

no 

32 

200 

200 

no 

230 

170 

No 

210 

175 

no 

230 

185 

no 

35 

210 

200 

no 

230 

190 

No 

230 

200 

no 

240 

185 

no 

37 

210 

190 

no 

235 

195 

No 

230 

200 

no 

240 

195 

no 

38 

210 

200 

no 

240 

200 

No 

240 

200 

no 

250 

200 

no 
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Table 4. Effect of normal diet on pregnancy and parturition of house rat 


Age 

in 

weeks 

Cage 1 



Cage 2 



Cage 3 



Cage 4 



Body wt (g) 

Preg- 

Body wt (g) 

Preg- 

nancy 

Body wt (g) 

Preg- 

nancy 

Body wt (g) 

Preg- 

nancy 

Male 

Female 

nancy 

Male 

Female 

Male 

Female 

Male 

Female 

13 

110 

100 

no 

100 

100 

no 

110 

100 

no 

100 

100 

no 

15 

125 

120 

no 

120 

120 

yes 

125 

120 

yes 

130 

130 

yes 

17 

155 

145 

yes 

135 

165 

yes 

155 

135 

yes 

145 

165 

yes 

18 

160 

160 

yes 

140 

135 

par 

160 

170 

yes 

155 

120 

par 

19 

160 

185 

yes 

155 

145 

no 

160 

130 

par 

165 

165 

yes 

23 

165 

135 

par 

160 

150 

yes 

160 

185 

yes 

170 

130 

par 

25 

165 

170 

yes 

166 

160 

yes 

175 

140 

par 

190 

180 

yes 

27 

175 

140 

par 

175 

185 

yes 

185 

170 

yes 

195 

135 

par 

28 

190 

145 

no 

185 

140 

par 

195 

130 

par 

190 

140 

no 

29 

220 

160 

yes 

195 

150 

yes 

210 

140 

no 

200 

155 

no 

30 

220 

175 

yes 

200 

160 

yes 

220 

150 

yes 

210 

165 

yes 

32 

220 

195 

yes 

210 

185 

yes 

220 

180 

yes 

220 

180 

yes 

35 

230 

170 

par 

235 

160 

par 

230 

155 

par 

200 

195 

yes 

37 

245 

175 

yes 

210 

170 

no 

210 

160 

no 

200 

165 

par 

38 

250 

180 

yes 

225 

175 

yes 

215 

165 

yes 

210 

175 

ves 


Rodent damage is very serious to agricultural produce both in fields and households (Upadhayay et al 2093, Lakshminarayanan et al 
2015). Mainly the house rat and field rats are more destructive to standing crops/crop produce, stored grains and particularly to rice- 
wheat cropping system in Nepal. This study has achieved a possible alternative approach to reduce rodent populations and minimize the 
yield losses in crop fields and households particularly in rice-wheat cropping fields by causing sterility in them. This study confirmed 
that all the tested three botanical-mixed (7.5% of botanical powder or oil mixed) diets - neem oil mixed diet, neem seed powder mixed 
diet and custard apple seed powder mixed diet found effective to stop birth in house rat for whole testing periods up to 38 and 28 weeks- 
age by single dose feeding of 80 g per pair (40 g/rat) in a day on I3 lh week-age of the rats. 

Several studies have shown effect of plant materials which have been successfully used to cause sterility in rats (Upadhayay et al 1993, 
Lakshminarayanan 2015, Mahajan et al 2015). In addition, this study has provided the clear protocols to prepare the diets tor 
experimental and mass production of rats and preparing of test rats which will be applicable for the future studies. The present study has 
shown a preliminary experiment causing sterility in rats by single day feeding of the specific ration; however, more detailed 
physiological evidence based experiments should be performed in near future. 
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ABSTRACT 

Huanglonebine (HLB), previously citrus greening disease, is the most destructive of citrus species causing major threat to the world 
citrus industry. The disease was reported from China in 1919 and now known to occur in more than 40 different countries of Asia, 
Africa. South and North America. Three species of gram negative bacterium namely Candidatus Liberibacter asiaticus, Candidatus 
Liberibacter africanus and Candidatus Liberibacter americanus are the casual organisms of HLB, respectively prevailing in the 
continent of Asia, Africa and South America. It is one of the most extensively researched subjects in citriculture world. HLB was 
detected in 2004 and 2005. respectively in San Paulo of Brazil and Florida of USA: the two leading citrus production hub of the world 
causing huge economic loss within 5 ’years of first detection. Since then research on HLB detection and management was further 
accelerated in American continents. This paper presents the scientific advancement made on detection, spread, economic losses caused 
by HLB in different parts of the world and controlling management strategies. Remarkable achievements have been made on HLB 
detection techniques including iodine test, qPCR and more recently in spectroscopy. While efforts are being made to develop resistance 
varieties using conventional and biotechnological tools management strategy which includes reduction of inoculums source, vector 
control and replant with disease-free planting materials still remains major option for HLB control. Citrus intercropping with gua\a have 
shown promising results for vector reduction. 


Key words: Citrus, citrus greening, huanglongbing. liberibacter, management 
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INTRODUCTION 

Globally, citrus fruit represents one of the most important commodities with respect to production and trade. In production volume, it 
occupies second position after banana and plantain (Statista 2012) and ranks top position in international trade in terms of value 
(UNCTAD 2011). In Nepal, citrus especially mandarin, sw eet orange and lime, are among the commodities having high potential for 
commercial production. The mid-hill region of Nepal have favorable conditions for commercial production of citrus because of agro- 
climatic suitability, access to domestic and regional markets and past experiences of farmers on citrus farming. As a result of these 
reasons along with gov ernment priority for its commercialization the area under citrus cultivation and its total production have increased 
substantially over the years. In the year 2003/04, 148,010 mt of fresh citrus fruit was produced in Nepal from 24,799 ha area. The total 
area under citrus cultivation has increased to 36,975 ha and total production to 216,188 mt in 2012. However, productivity' of citrus 
decreased to 9.14 mtTia in 2012 compared to 10.62 mt/ha in 2003 ((MoAD 2013). 

Among many biotic factors contributing to 1ow t productivity and threat to citrus industry huanglongbing or greening disease, hereafter 
HLB has been considered the number one in Nepal (Regmi and Yadav 2007, Roistacher 1996) and the w r orld (Bov£ 2006, 2014). HLB 
was first reported from southern China in 1919 and is now r known to occur in more than 40 different Asian, African, Oceanian, South 
and North American countries (Bove 2006). 

In Nepal, the disease was first reported from Pokhara in 1968 (Throw'er 1968) as the main cause of citrus decline in the country 
(Roistacher 1996, Regmi and Yadav 2007). The disease is caused by a phloem-restricted, non cultured. Gram-negative bacterium 
transmitted by citrus psyllid insect vector; non-curable once trees are affected. Since HLB is very destructive disease and slowly 
invading new’ citrus growing areas represent a major threat to the w orld citrus industry including Nepal. 
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Mandarin (Suntala), sweet orange (Junar) and acid lime (Kagati) are the major commercial citrus species grown in Nepal (MoAD 2013). 
Since all citrus species are infected with HLB in varying degree and the disease is already spread several parts of the country (Bove 
2006) understanding the complex nature of the disease and its management approaches is very vital to save the citrus industry of the 
country. In this context recent updates on technological information on detection and control management of HLB would be worth to be 
elucidated. Therefore, this paper presents a review on history, geographical distribution, detection and management of HLB. 

CAUSAL ORGANISM 

Citrus greening disease or HLB was first reported from China in 1919 by Reinking while evaluating diseases of economic plants in 
southern China and used English term “yellow shoot” of citrusin the report, however, for a long period it (at that time the name "HLB" 
was not used) was thought to be present in China (Bove 2006). At that time it was believed that the HLB was caused by abiotic factors 
like Zn deficiency/toxicity and poor drainage system (Oberholzer et al 1965). By 1967, it became established that greening was graft 
and insect transmissible with conclusion caused by virus (Bove 2006). In 1967, mycoplasm like organisms (MLOs) were believed to be 
associated with plant diseases mostly with "yellow" symptoms resembling with greening symptoms. On close examination, these 
organisms were seen to have bacterial cell wall in addition to cytoplasmic membrane, suggesting that they were gram negative true 
bacteria (Gamier and Bove 1977). Thus, it was concluded that the HLB agent was gram negative bacterium. Later on it was confirmed 
by Electron Microscopy that South African "greening", Indian "dieback", Taiwan "likubin" and Philippines "mottle leaf' all were caused 
by HLB bacterium (Bove 2006). 

Using universal primers, the 16s ribosomal DNA of two strains of the bacterium obtained by Polimerage Chain Reaction and 
comparisons with gene sequences showed the HLB organism belonged to the subdivision of the class Protobacteria, but were distinct 
from other members. The bacterium from Asia named Candidatus Liberibacter asiaticus (Las), and the African Ca. L. africamts (Laf) 
(Gamier et al 2000). Ca. L americanus (Lam) is the new species identified in 2005 causing HLB in Brazil (Teixeira et al 2005). 

The three species of HLB causing bacteria differ in their pathogenicity due to combination of environmental conditions and insect 
vectors (Jagoueix et al 1996). The African strain of HLB is heat sensitive and does not cause symptoms at temperatures greater than 25- 
30° C. The Asian strain, primarily distributed in Asia, is heat tolerant and able to cause symptoms at temperatures greater than 30° C. 
The American strain, which is reported from Brazil and Mexico, appears to have heat tolerance similar to that of the African strain 
(NAPPO 2012). 

HISTORY 

Origin of HLB 

Although HLB was first reported from China where many citrus species were originated most scientists believe that citrus species are 
not the original host of the HLB organism (Beattie et al., 2005, Bove, 2006 and Graca, 2011). There are different opinions among 
researchers about the origin of HLB. One of the hypothesis is that Asian HLB originated in citrus in India from unidentified native 
rutaceae and may have moved to other Asian countries through planting materials and citrus psyllids including China and other south- 
east Asian countries (Graca 201 1). 

Beattie et al. (2005) have proposed another hypothesis that the disease may actually originated in Africa, possibly in an asymptomatic 
host such as Verpris lanceolata; then transmitted to citrus by insect in European settlement on the east coast of Africa and then taken to 
the Indian subcontinent in infected plants or budwood 300 to 500 years ago, and then into China later. It has been recently suggested that 
the liberibacters have Gondwanan origins (Beattie et al 2005, Bove 2006). 

At present HLB has spread to most of the citrus growing countries of the word. Only the areas free from HLB as well as of the psyllid 
vectors of the disease are Mediterranean basin, most of Western Asia (Near and Middle East), Australia, and North- and South-Pacific 
islands are still free of HLB (Bove 2006). Detail updated information of the disease distribution can be obtained from the website: 
http://www. cabi. org/isc/ datasheet/ 1 6567. 

China 

Reinking (1919) used English word “yellow shoot” of citrus, a disease thought to be of little importance in those days. Later surveys 
showed that by 1936 the disease had spread to become a serious problem. The most extensive work on HLB in southern China was 
conducted from 1941 to 1955 by Lin Rung Hsiang (Bove 2006). From the discussions with the farmers of the Chaozhou county in 
Guangdong province, it was learned that HLB actually had been there since the 1870s. Based on this Lin postulated that HLB originated 
from Guangdong Province, China. He conducted several exploration in China and disclosed that farmers ot Chaozhou district had given 
the name “huang long bing” to the disease, where “huang” means yellow, 'long' meant to 'dragon* and “bing stands for disease. Hence, 
the disease was called "yellow dragon disease". The most outstanding result obtained by Lin was the demonstration, by precise 
experimental work, that HLB is a graft-transmissible, infectious disease, and should neither be attributed to physiological disorders such 
as mineral deficiencies or water logging, nor to soil-borne diseases such as nematode infestation or Fusanimi infection (Bove 2006). For 
these reasons, the International Organization of Citrus Virologists (IOCV) accepted the official name of the disease be huanglongbing 
(HLB) in 1995 at the 13 th conference of the Organization in Fuzhou (Fujian, China). 

Africa 

A disease similar to HLB, was observed in South Africa in 1928 under the name “greening”. However, the true nature of the disease was 
not immediately recognized, and in the first description of “greening” in 1937, the problem was still assumed to be mineral toxicity 
(Oberholzer et al 1965). Through a collaborative research by A.P.D. McClean (phytopathologist) and P.C.J. Oberholzer (horticulturist) 
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demonstrated that greening was transmissible by graft inoculation as well as by the African citrus psylla, T. erytreae. The infectious 
nature of "greening'* was thus established. The name "greening” was adopted by the scientific literature until “huanglongbing” was 
given as the official name in 1995. probably because of the proximity of western scientists to South Africa (Gottwals et al 2007). 


Philippines 

The disease became a serious problem in the late 1950s was described in 1921 with the name - “mottle leaf’ and thought to be related to 
zinc deficiency, because the symptoms of “mottle leaf” were very similar to those of HLB in China and Taiwan, and “greening” in 
South Africa (Salibe and Cortez 1968). Being graft-transmissible. HLB has also insect vectors: the African citrus psyllid, Trioza 
erytreae , reported as the vector in South Africa in 1965 and the Asian citrus psyllid, Diaphorina citri , identified as the vector in Asia 
(India and Philippines) in 1967 (Bove 2006). 

Other South-east Asian Countries 

In Indonesia. HLB became a major problem identified first time in the name of “Vein phloem degeneration” or "phloem necrosis" in 
1940s (Tirtawidjaja et al 1965). HLB first appeared in Thailand in the 1960s and was so severe that the length of time between the onset 
of the disease and debilitation of the entire tree was only about two years (Schwarz et al 1973). HLB disease, locally called "Likubin” 
was first identified in Taiwan in about 1930. but not considered as serious problem until 1957 (Gottwald 2007). The HLB inoculums 
was assumed to be brought into Taiwan from southern China through some infected citrus scions or seedlings and thought to be 
associated with poor soil conditions such as deficiency in essential nutrients or poor drainage (Su 2008). Other south Asian countries 
where HLB has also been detected by DNA hybridization and'or PCR include Myanmar, Malaysia, Cambodia, Laos and Vietnam (Bove 
2006) 

India 

Citrus in India has been known to suffer seriously from certain disorders resulting in low production, twig dieback. slow’ death and even 
sudden wilting attributed to “dieback”, a disease that was first observed in the 18 th Century in central India (Bove 2006). Proof for the 
presence of HLB in India was eventually obtained at the virus Research Center at Poona by Capoor and co-w’orkers. when they 
succeeded in transmitting the HLB pathogen by the Asian psylla, D. citri by demonstrating that trees with dieback symptoms invariably 
proved positive for HLB (Capoor et all 967). Thereafter, it was reported from different citrus growing regions of India and w’as 
considered to be principal cause of citrus dieback disease (Das 2008). From several surveys conducted from 2007 to 2012 along with 
molecular test (real-time PCR) in 16 states of India confirmed its distribution in all studied states (except Arunachal Pradesh): Andhra 
Pradesh. Assam, Karnataka, Madhya Pradesh. Maharashtra, Manipur, Meghalaya, Mizoram. Nagaland. Punjab, Rajasthan, Sikkim. 
Tamil Nadu, Tripura and West Bengal (Das et al 2014) 

Pakistan 

Several surveys conducted during 1991 showed that citrus greening disease (CGD) is one of the most important and severe disease in 
Punjab and North West Frontier Province having an incidence rate of 22% in Kinnow, 25^10% in sw’eet orange, 15% in grapefruit, 10% 
in sw’eet lime, and 2% in lemon (Batool et al 2007). 

Nepal 

Citrus decline was reported for the first time in Pokhara valley by Thrower (1968). Based on visual observation, Knorr et al (1970) 
suspected that the decline was caused by greening disease entered with the planting materials introduced to Horticulture Research 
Station. Pokhara from Saharanpur, India. About 55% of citrus trees in Pokhara valley and 100% in Horticulture Research Station were 
symptomatic to HLB in 1980s (Regmi 1982). Later more surveys and studies were carried out in other parts of the country to explore the 
distribution of greening disease and its vector (Regmi and Lama 1988, Regmi 1994, Regmi et al 1996). More recent PCR test showed 
that HLB is widespread in many citrus pockets of Kaski, Syanja, Tanahu, Lamjung and Dhading districts (Bove 2006. Regmi and Yadav 

2007. Regmi et al 2010). 

America 

Brazil has been the first American countries to report HLB, in March 2004 San Paulo State eliminated about 6 million infected trees by 

2008, (Lopes et al 2011). The major HLB agent w T as the new liberibacter species Ca. L. americanus , present in 92% of the trees (Bove 
2006). From 2005 on, the rest of America and the Caribbean islands started to be invaded by Las and D. citri : first Florida in 2005, then 
Cuba in 2006, followed by Mexico, Belize, Central America in 2009, Argentina, California, Guadeloupe andTexas (Bove 2014). 

DETECTION OF HUANGLONGBING 
Visual Symptoms 

Citrus trees can be suspected to be affected with HLB by visual symptoms appeared on leaves and fruits (Bove 2006). A tree infected 
with HLB in the field usually develops one or more yellow’ shoots with other parts of the tree healthy or symptomless. The affected 
leaves develop a pattern of yellow’ and green areas lacking clear limits between the colors, giving a "blotchy mottle" appearance. This is 
the most characteristics foliar symptom and the patterns are asymmetrical on the two halves of the leaf (Bove 2006). Leaves can also 
become thicker, with veins enlarged and corky in appearance. 
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In later stages, Zn deficiency-like symptoms can be seen followed by leaf drop and twig dieback (Gottwald et al 2007). Symptomatic 
fruit are small, lopsided and as they mature and ripen the stylar end remains green, hence named as "greening" (Bove 2006). When cut 
in half, small, dark aborted seed can be observed and vascular bundles in the fruit axis are discolored. Fruit, especially sweet oranges, 
can also have mottle appearance and if the peel is pressed with finger, a silvering of the depressed area will result (Bove 2006). Visual 
symptoms of HLB noticed on leaves and fruits are varied and can be resemble other disorders like micronutrient deficiencies, such as 
zinc, manganese and iron (Etxeberria 2007). 

Johnson et al (2014) found that greening causes a loss of 30-50% of trees' fibrous roots before symptoms are visible above ground. 
HLB bacteria enter trees through leaves but the disease attacks roots long before the leaves show r signs of damage. Once bacteria enters 
through psyllid sucks into leaves, the bacteria travel quickly to the roots, where they replicate, damage the root system and spread to the 
rest of the host tree's canopy (Johnson et al 2014). 

Molecular Diagnosis 

For the diagnosis of HLB. two molecular techniques have been used: conventional Polymerase Chain Reaction (PCR) and real time 
PCR (RT-PCR), also known as quantitative PCR (qPCR) that are based on the use of PCR primers that amplify DNA sequences of the 
Liberibacters associated with HLB (Bove 2006). Conventional PCR methods use specific primers that amplify the sequences of the 
rDNA 16s genes and primers based on the proteinaceous genes (operon-B) (Jagoueix et al 1996, Tian et al 1996, Hocquellet et al 1999, 
Teixeira et al 2005). The low concentration and irregular distribution of the pathogen in host plants, along with the inhibitors of PCR 
present in citrus extracts made the detection of the pathogen difficult. Although conventional PCR and qPCR are accepted techniques 
for the confirmation of trees symptomatic for HLB in Brazil and the United States, qPCR is considered much more sensitive and robust 
than conventional PCR and the technique has been validated with DNA extracts from different species of citrus and different tissues 
from diverse geographic regions (Li et al 2006, 2007). 

Biological Indexing 

Although qPCR is currently the method of choice for diagnosis of HLB (Li et al 2006), biological indexing techniques are also available 
(Taba et al 2006). Due to low rate of graft transmission of the bacterium associated with HLB, the success rate for biological indexing 
of HLB is variable. The appropriate indicator plants are sw r eet orange or Orlando tangelo for African HLB and sweet orange or Ponkan 
mandarin for Asian HLB (Roistacher 1996). It is known that presence of the citrus tristeza virus can interfere with HLB symptom 
expression; and if CTV is present, grapefruit may be used as an indicator (Roistacher 1991). The preferred inoculation technique is the 
side graft, w ith leaf grafts being the alternative. The seedling indicators are trained to single leaders and held at 20 - 25° C for African 
HLB and 25 - 32° C for Asian HLB. Symptom expression is the typical mottle and chlorosis. The shoots are distinctly smaller, more 
chlorotic, and with smaller leaves than the uninoculated controls. Symptoms should appear 8 to 12 weeks after inoculation. Further 
details can be obtained in Roistacher (1991, 1996). 

Iodine Test 

Although the PCR test for HLB is reliable, it is considered highly expensive and labor demanding thus not suitable for indexing large 
numbers of samples (Etxeberria 2007). To resolve this problem, a rapid, simple field diagnostic iodine test that could be used to 
prescreen samples intended for PCR analysis has been developed (Taba et al 2006). Anatomical studies conducted in the 1960s, showed 
“massive accumulation” of starch in leaf samples from HLB infected sweet orange trees (Etxeberria et al 2009). The accumulation of 
starch in HLB infected leaves has been found up to six times more than healthy leaves. Since the starch readily reacts with iodine, 
resulting in a very dark-grey to black stain, thus this technique has been adapted as one of the easiest diagnostic tool for HLB. These 
diagnosis methods have been reported to be more than 90% ot agreement between PCR analysis and starch tests with iodine (Etxeberria 
2007). Iodine solutions products labeled as either “tincture of iodine” or “iodine tincture * in 1 to 10 with w’ater can be used. 

Takushi et al (2007) also showed scratch method for HLB detection in citrus leaves using iodine-starch reaction. They found average 
quantity of starch was 514.2 mg/kg in HLB infected leaves and 85.6 mg/kg in healthy leaves (Welch's t - test p<0.01%), a significant 
difference in quantity of starch between disease and healthy leaves. Based on this result, they devised Scratch method that uses 
sandpaper for HLB diagnosis. Accuracy of the scratch method diagnosis in field show r ed more than 90% ot agreement rates to PCR 
assay. Chamberlain and Irey (2008) compared starch-based field test for HLB to the results from real-time PCR for testing of field 
samples from 1759 suspected symptomatic trees. They noted that 85% of the samples were positive by RT-PCR versus 78% positive 
for the starch test. Therefore, they recommended that the starch test should be considered a useful tool for HLB diagnosis in the field, 
but not as a substitute for PCR-based testing. 

Spectroscopy 

In recent years, especially after detection of HLB in Brazil and Florida, USA several studies have been initiated to develop more 
efficient and cost-effective HLB detection techniques using spectroscopy. In a feasibility evaluation Sankaran et al (2011) found about 
92% accuracy when they applied visible-near infrared spectroscopy technique for field detection of HLB in citrus trees using spectral 
reflectance data from the wavelength range of 350-2500 nm. 

Hawkins et al (2010) found fourier transform infrared-attenuated total reflection (FT-IR-ATR) spectroscopy as a potentially suitable 
and inexpensive technique for rapid and early detection of HLB. The mid-infrared region of the spectrum reveals dramatic changes that 
take place in the infected leaves when compared to healthy non-infected leaves. The carbohydrates that give rise to peaks in the 900- 
1180 cm -1 range are reliable in distinguishing leaves from infected plants versus non-infected plants. Furthermore, airborne 
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multispectral and hyperspectral imaging technology has also been tested recently for rapid detection of potentially diseased trees over a 
large area using hvperspectral imaging software (ENVI, ITT VIS) for data analysis with 87% accuracy (Kumar et al 2012). 

Manjunath et al (2015) tested a unit Smart-DART™ connected to an Android device to detect Liberibacter in psyllids which is portable, 
affordable, sensitive and rapid to test. According to them with this device Psyllids can be tested to assess the prevalence of Liberibacter 
asiaticus in a population and for early detection of HLB in new' areas being invaded by the psyllid. 

In Barazil. Jarbas Caiado de Castro Neto, and his research team, spent one and a half years developing an inexpensive and portable way 
to detect citrus greening before the trees exhibit visible symptoms (Freshplaza, 2014). As mentioned in this report the end product is 
about the size of a credit card scanning machine, contains a laser, a spectrometer, and a processor to analyze the results. The principle 
behind this technique is that the diseased and healthy orange tree leaves emit different fluorescence spectra. Leaves affected by HLB 
emit more light in the middle of the visible spectrum, but have a lower peak - around 750 nm associated with the degradation of 
chlorophyll in the leaves. The spectrographic signature of citrus greening disease also appears almost immediately after a tree is 
infected, compared to the year or more it takes for visible symptoms to develop and this portable spectroscopic system called 
Agricultural Optronics Systems (AgriOS), is reported to detect citrus greening with greater than 95% accuracy (Freshplaza 2014). 

ECONOMIC LOSS 

It is well known that HLB is one of the most serious citrus diseases worldwide, because once a tree is infected there is no cure and its 
yield is greatly reduced while the disease spreads rapidly. When, HLB becomes endemic, the disease progresses throughout the tree 
canopy and in the orchard very fast thereby reduce the economic life of affected orchards (Bove 2014). In many countries wiiere HLB 
is present, it becomes a limiting factor for citrus production. It has been difficult to convince citrus farmers and regulatory agencies to 
take part in HLB management programs, because HLB management is based on elimination of diseased trees and reduction of vector 
population demands continuous efforts which is a costly undertaking (Bassanezi and Bassanezi 2008). Economic losses caused by HLB 
have been estimated in many countries and literatures on the importance and impact of the disease are available. Models that describe 
the disease incidence progress, disease severity progress and disease severity-fruit yield relationship according to the age of trees are 
also developed (Stuchi et al 2011. Roistacher 1996). In younger trees, the disease incidence and severity progress is faster than in older 
ones (Lopes et al 2011). Bassanezi et al (2011) have developed a mathematical model to describe HLB severity and yield relationship. 
According to this model HLB severity ( x ) of a grove allows prediction of the expected yield (y) using the formula: y = exp (-I.&y), r 
=0.33. 

Since the 1960s, Thailand has been plagued with HLB and has had a large impact on Thailand's citrus production. Under the presence 
of HLB, at the end of 8 years, a farmer w^ould be losing SI, 482 per acre, whereas if the grove was able to survive to year 10, a profit of 
approximately SI, 370 per acre could be realized (Roistacher 1996). According to him in Thailand, profit is not realized unless trees 
survive to reach 10 years, as it takes time to recover the costs of planting and caring for the tree until production revenue is high enough 
to cover costs. The key problem w r as that in some regions of the country, groves w r ere only lasting 6 to 8 years leading to 10 to 15% 
tangerine trees destruction each year. Indonesia w r as severely affected by HLB between 1960 and 1970 with an estimated loss of 
3 million adult trees and much higher number of younger nursery plants (Gottwald et al 2007). By early 1960's the Philippines citrus 
plantation were estimated to cover 25,000 hectares. Ten years later 5 million trees were affected by HLB and the area planted to citrus 
was reduced to 60% (Aubert 1 992). 

The economic impact of HLB in Florida has also been assessed. HLB was first detected in Florida in 2005 and by 2014 this disease has 
caused significant economic and production losses costing additional USS 750/acre for HLB management (FreshPlaza 2014). Hodges 
and Spreen (2012) estimated that a reduction of 23% in orange production during 2006 and 2010 w'as attributed to the presence of HLB. 
As a consequence. Florida’s economy suffered a S3. 9 billion loss resulting to total output, total value added and labor income decrease. 

In Paraguay, HLB was first detected in March 2013. To prevent the spread of disease about 600,000 adult citrus plants and 
approximately 2,500,000 citrus saplings belonging to some 320 nursery owners were destroyed within two years in Paraguay costing 
about one million USS to government as compensation to farmers for destroyed trees (FreshPlaza 2014a). 

Quality of fruit juice is also affected by HLB. Goodrich-Schneider et al. (2008) analysed sw r eet orange juice hedonically for overall 
acceptability of flavor and sweetness among consumer panels (n=100). The juice from greening-affected fruit was always significantly 
less acceptable (P<0.05) than juice from healthy (control) fruits. Juice from greening-affected fruit w r as rated as significantly less sweet 
and significantly low er in orange flavor than juice from control fruit for all panels (P<0.05). Juice expressed from visually normal fruit 
from HLB affected trees generally fell between control juice and greening-affected fruit juice in terms of overall acceptability, 
sweetness and orange flavor. 

HOST RANGE 

Huanglongbing is a disease of rutaceous plants (Bove 2014). None of the citrus fruit species are resistant to HLB (Bove 2006). 
However, responses of citrus species to 4 Ca . L. asiaticus’ has been found variable. It severely affects sweet orange, mandarin and 
tangelo trees but many other species show r more or less pronounced symptoms of the disease. Mexican lime ( Citrus aurantifolia) is less 
susceptible than sw'eet orange and mandarin even though it is a preferred host of the vector Diaphorina citri (Roastcher 1996). Based on 
severity' of HLB symptoms and the ability to continue growth of the plants inoculation with 4 Ca . L. asiaticus’ Folimonova et al (2009) 
grouped citrus genotypes into four categories as (i) sensitive: C. halimii , Nules clementine mandarin, Minneola tangelo, sweet oranges 
and grapefruit (ii) moderately tolerant: Sun Chu Sha mandarin, sour orange, volkamer lemon, C. macrophylla, wingle citrumelo, citron, 
Palestine sw'eet lime, acid lime, calamondin, and C. micrantha (iii) tolerant: Eureka lemon, Persian lime, Carrizo citrange, and Sevehnia 
buxifoiia (iv) variable (some branch sensitive and some branch tolerant): pummelos, C. amblvcarpa, cleopatra mandarin, C. indica , and 
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meiwa kumquat. Ahmad et al. (201 1) also classified citrus species into very susceptible, susceptible and tolerant categories based on 
reaction with HLB pathogen. 

MANAGEMENT STRATEGIES 
Inoculum Reduction and Vector Control 

Currently, there is no established cure for this century-old emerging disease. There is general consensus throughout the world on three 
general management practices for the management of the disease; the planting of certified clean planting materials, effective control of 
its vector psyllid populations and removal of infected trees that serve as an inoculums source for psyllid acquisition (Bove 2006). These 
management practices must be adopted in order to have a successful citrus greening management program (Stuchi et al 2011). However, 
HLB management is difficult, if inoculum sources are widespread and the psyllid vector is well established. 

There are no HLB tolerant commercial citrus species and cultivars at present to replace declining healthy trees (Bove 2006). The general 
control strategy has been to eradicate all existing sources of HLB within an area, then replant with HLB-free trees grown from clean 
budwood. Psyllid populations must also be reduced as much as possible. Biological control of the psyllid vector is only possible in 
locations that do not favour build-up of psyllid populations and is often compromised when hyper-parasites are present. 

Preventing HLB from entering to healthy area is much easier than trying to eradicate or control it. It is important to avoid bringing 
propagation materials from HLB-infected areas to non infected area (Abdullah 2009). Zhang et al. (2011) has described various 
situations on which removal of infected trees and replanting is feasible. One strategy is to immediately reset trees that were removed. 
However, since psyllids are attracted to new growth and young trees flush more frequently than immature trees, young trees in a block 
with mature trees supporting psyllids are at greater risk than solid set young trees in a newly-planted block. Pruning may also be an 
extremely hazardous practice in areas under high HLB pressure, if a careful vector control program is not applied (Stuchi et al 2011) 
because pruning enhance new flush growth which harbor psyllids. Another strategy is to continue to remove infected trees until reduced 
tree numbers make the block economically unproductive, then the remove remaining trees and the entire block is replanted (Zhang et al., 
2011 ). 

Stuchi and Girardi (201 1) have given detail information on various factors associated with the success or failure of HLB management 
based on inoculum reduction and control of psyllid vector populations by insecticide treatments adopted in Brazil. According to them 
HLB management practices adopted in Brazil are (i) selection of naturally occurring tolerant materials (ii) new regions for citrus 
production (iii) screen-house nursery trees production (iv) use of repellent and attractive plants for vector (v) protected cultivation (vi) 
intercropping and ultra high density (UHD) plantings (vii) intensive production systems (viii) the use of larger nursery trees. 

Chemical Control 

Zhang et al (2011) reported that the combination of penicillin and streptomycin (PS) was effective in eliminating or suppressing the Las 
bacterium and provided a therapeutically effective level of control for a much longer period of time than when administering either 
antibiotic separately using a propagation test system with Las-infected periwinkle and citrus plants. However, Bove (2006) suggested 
that antibiotic treatment has only short term effect and therefore, is not a sustainable approach in HLB control. 

Nutrition 

The use of nutritional applications to control or offset the deleterious effects of HLB has been a topic of considerable discussion and 
debate (Spann et al 2011). However, most reports are anecdotal and without sufficient statistical validity. To develop empirical 
evidences Gottwald et al (2011) compared combinations of nutritional components consisted of phosphite with Mn-carbonate, Mn- 
metalosate, Cu-metalosate, or Zn-metalosate, and injection treatments using soluble copper or silver mixed with a polymer along with a 
control consisting of a standard insecticide program for psyllids. There was no significant difference in titer dynamics, yield (number 
fruit per tree, kg fruit/tree, proportion of fruit dropped), or quality (Brix, acid, brixiacid ratio), compared to the control. The additional 
nutrition did not sustain tree health, yield, or fruit quality. Rather, there is a major concern that nutritional supplements may promote 
area-wide inoculums buildup and spread (Gottwald et al 2011). 

Practice of adding additional nutrition, especially the micronutrients expecting extended productive life of infected trees has been a 
common practice in China (Spann et al 2011). But review of 60+ years’ history of research and field practice in China reveals no 
consistent evidence to support the notion that nutrient management can maintain productivity ol HLB-infested trees over the long term 
(Xia and Sequeira, 2011). Relationship of plant nutrition and HLB infection has been studied in four commercial citrus groves in Florida 
(Spann et al 201 1). Preliminary results of the research showed that HLB-infected trees are consistently deficient in Ca, Mg, Mn, Zn and 
B, and in an orchard, these nutrient deficient trees are more likely to be HLB-intected than the nutrient sufficient trees. The researchers 
are not yet clear whether these deficiencies were a result ot decreased nutrient uptake, or if the nutrients were being bound within the 
plant making them unavailable. HLB-affected trees characteristically suffer from a damaged root system and nutritional disorder 
because of interrupted transport of photo-assimilates from shoot to the root, and mineral nutrients/water from root to the shoot (Spann et 
al 2011). 

He et al (2011) conducted greenhouse experiments to examine the effects of growth-priming agents including root growth enhancer, 
trace element combination (Zn, Cu, and Mn), plant growth regulators, and sugar transporter alone or in combination on HLB-affected 
citrus seedlings. When applied alone, root growth enhancer was most effective in promoting plant growth followed by trace element 
combination as indicated by a significant increase in shoot and root biomass, particularly root length and surface area, as compared with 
the control (He et al 2011). The main cause of visible HLB symptoms, yield reduction, and tree decline appears to be disruption ot 
phloem tissue, which blocks the flow of photosynthate and nutrients from source to sink tissue (Bove 2006). If supplemental nutrition is 


46 


Journal ofXepal Agricultural Research Council 
Vol 1 : 41 - 50 . August 2015 


Huanglongbing citnis disease management by KP Paudyal 


a sustainable approach, it is expected that foliar nutrients will reduce or eliminate damage and plugging in citrus phloem tissue caused 
by the bacterium and possibly reduce spread or replication of the bacterium in infected trees (He et al 2011). 

Use of Tolerant Rootstocks 

In Barazil, 12 rootstocks namely two Rangpur limes (FCAV and Limeira), three trifoliate oranges [Rubidoux, FCAV, and Flying 
Dragon (FD)], Sw ingle citrumelo , Sunki. and Sun Chu Sha Kat mandarins. Orlando tangelo , Carrizo citrange , and the hybrids 
Changsha * English Small and Rangpur lime * Sw ingle citrumelo have been tested for HLB reaction (Stuchi et al, 2011). After a first 7- 
year evaluation cycle for HLB infection the average cumulative incidence (Cl) of HLB was 72.1%, with Cl values varying from 10 to 
100%. For most of the rootstocks. Cl values were equal or higher than 60%, while the trees budded onto the FD rootstock showed the 
lower HLB incidence (10%). Albrecht and Bowman (2012) used greenhouse inoculation tests and field trials to investigate the tolerance 
of some Citrus x Poncirus hybrids to infection of Candidatus Liberibacter asiaticus (Las). The citrus rootstock US-897 ( Citrus 
reticulata Blanco x Poncirus trifoliata L. Raf.) was observed to be tolerant to HLB in field plantings (Albrecht and Bowman 2012). 

Guava Intercropping 

Since long, famers from Mekong Delta of South Vietnam have been practicing interplanting of citrus with guava and those citrus 
orchards planted with guava showed much lower psvllid infestation levels and low incidence of HLB compared to citrus orchards 
lacking guava (Hall et al 2007). This practice adopted by Vietnamese farmers drew the attention of scientific communities of many 
countries during 1990s and various scientific studies were initiated to understand the scientific reasons. The first of this kind of research 
was a collaborative research projects involving Vietnamese. Japanese and Australian scientists (Beattie et al 2006). The findings of this 
research which was presented in a meeting held during December 2006 in Japanese International Research Center showed that 
interplanting citrus with guava negated infestations of Asian citrus psvllid and consequently HLB (Beattie et al 2006). This study 
collected the scientific information that young citrus interplanted with guava remained disease-free for a year whereas sole citrus crop 
showed signs of the disease within four months of planting and reached over 30% trees infected within a year (Hall et al 2007). 

A team of American scientists who also made a observation tour to Vietnam in April 2000 noted that the normal life of sole citrus 
plantings in Mekon region of Vietnam was 2 to 4 years, but those interplanted with white guava were surviving for up to 15 years 
(Gottwald et al 2010). Although raising guava as an intercrop reduced psyilid population in citrus orchards (Hall et al 2007), the 
mechanism by which this occurs was unknown. It was postulated that the effects of guava on citrus psyila could be due to 
mechanicaL physical disruption on host recognition, repellent effect of volatile compounds from guava or chemical alteration of the 
volatile compounds emitted by citrus reacting with guava compounds. From various studies conducted in Florida. USA to determine, if 
guava has a repellent effect on adults of Asiatic citrus psyllids. Gottwald et al. (2010) noted high adult mortality rates occurred when 
psyllids were confined to guava in no-choice situations, with 95?/o mortality occurring within 6-9 days. They postulated that the effect 
may be due to volatile compounds produced by guava that are deleterious to psyllids. In another study. Zaka et al (2010) evaluated the 
repellent effect of guava leaf and factors attributed to this activity, response of adult psyllids to guav a leaves and its odor in cage test and 
Y-tube alfactometer test. The alfactometer response of adult psyllids to guava leaf odor was dose-dependent and both male and female 
psyllids responded similarly to the guava leaf odor. 

Since more than 15% of the Florida citrus crops has been infected with HLB, USDA has provided 43 million US S for its research 
(FreshPlaza 2015b). Funded projects include a grant to the University of Florida to develop a bactericide that can be applied to infected 
citrus trees to reduce or eliminate pathogens, a project at Kansas State University to develop a therapeutic delivery system that will 
prevent Candidatus Liberibacter asiaticus from infecting plants or prevent the development of HLB in infected citrus, and a grant at the 
University of Califomia-Davis that focuses on using new genetic approaches to managing the Asian citrus psyilid that causes HLB 
(FreshPlaza 2015b). 

CONCLUSION 

Review of scientific literatures revealed that HLB is the most devastating disease of citrus fruit crops. Most commercial citrus species of 
Nepal like mandarin and sweet orange are very susceptible to the disease while acid lime is slightly tolerant, but it is carrier of HLB 
bacterium serving as hidden source of innoculum. The disease is present in Nepal since early 1960s and has spread many commercial 
citrus pockets of the country over the years (Bove, 2006 & 2014, Regmi et al. 1996 & 2010, Regmi and Yadav, 2007). Past research 
efforts were found mainly focused on survey and disease indexing leaving inadequate attention to its long term management. It has 
resulted to massive decline of citrus orchards especially located below 1000 m altitude where population of vector - psyilid is abundant. 
Therefore, successful HLB management strategies particularly those of Brazil and Florida can be adopted in Nepal to save country's 
citriculture. 
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